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EXECUTIVE SUMMARY

1.0 INTRODUCTION

Purpose

This document is a baseline ecological risk assessment (ERA) for the former Whitewood Creek
Superfund Site, located near Whitewood, South Dakota (Figure ES-1). This ERA was completed
as part of the five-year review process to help determine whether the remedial action specified for
this site (USEPA, 1990a) is protective of the environment.

Approach

This ERA was completed in accordance with current United States Environmental Protection
Agency (USEPA) guidance for performing ecological risk assessments (USEPA, 1992, 1997a,
1998). The ecological risk assessment process was initiated by performing a screening-level
ecological risk assessment (SERA) (ISSI, 1998). The SERA indicated that risks to environmental
receptors may exist at the site, and identified data needed for the completion of a more detailed
evaluation.

In accord with the findings of the SERA, several data collection efforts were conducted to
support a more detailed and thorough evaluation of ecological impacts at the site. The current
baseline ERA report utilizes the new data along with the historical data to provide an updated and
refined ecological risk evaluation for the site.

2.0 SITE CHARACTERIZATION

Site Description

A large gold mine operated by Homestake Mining Company (HMC) is located in Lead, South

Dakota. During the period between 1870 and 1977, tailings and other mining wastes generated
during the operation of the mine were released into Gold Run Creek, which drains directly into
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Whitewood Creek between the towns of Lead and Deadwood. Whitewood Creek flows
northward, discharging into the Belle Fourche River (Figure ES-1).

Basis for Concern

The principal reason for concern at the site is the presence of tailings materials along Whitewood
Creek and the Belle Fourche River. It is estimated that approximately 25 to 37 million tons of
tailings were deposited in the floodplain. Tailings generally contain elevated levels of a number of
metals, and these may potentially be hazardous to both aquatic and terrestrial receptors. In
addition to tailings, water released from the mine site (both historically and at present) into Gold
Run Creek may contain elevated levels of metals and other chemicals used in the mining process
(e.g., cyanide). This ecological risk assessment focuses on risks to the environment along
Whitewood Creek from Gold Run Creek to the Belle Fourche River, and downstream along the
Belle Fourche River below Whitewood Creek.

Environmental Setting

Vegetative Cover

Vegetative communities along Whitewood Creek change between the upper and lower portions of
the stream. In the upper reaches the topography is steeper and more broken with floodplain
width being more restricted. Woodland composition is dominated by bur oak with cottonwood
and ponderosa pine occurring in relatively small quantities. In the lower reaches, the reduced
gradients and lower elevations are associated with an increase in the occurrence of American elm,
box elder, green ash, and a decrease in bur oak. Cottonwoods and willow attain greater

frequency as the transition occurs from the broken terrain of the foothills to the relatively level
terrain of the plains.

Aquatic Ecology

The upper third of Whitewood Creek is cold and fast-flowing, with a fish community dominated
by cold-water species. The middle third of the creek is a transitional area where the stream
gradient becomes shallower and the water becomes warmer and has more pools and riffles. The
lower third of the creek runs onto a low-gradient landscape before emptying into the Belle
Fourche River, and is dominated by warm-water fish species.
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A total of 15 different fish species have been reported to occur in Whitewood Creek, with the
most common being brown trout, brook trout, white sucker, mountain sucker, and several species
of minnows (longnose dace, creek chub, flathead chub, sand shiner, and fathead minnow). Age
class analysis of brown trout populations suggest this species is reproducing naturally. The
benthic community in Whitewood Creek is generally characterized by about 40-70 different taxa
of invertebrates. These are mainly aquatic insects (including representatives of each of five
different feeding groups), along with some worms, clams, and snails. The periphyton community
is usually characterized by about 30-50 species of algae. These are predominately diatoms, but
some filamentous algae are also present.

Terrestrial Ecology

The riparian corridor along Whitewood Creek and the Belle Fourche River is utilized by a wide
variety of terrestrial species, including 7 species of amphibians and reptiles (see Table 2-3), 126
species of birds (see Table 2-4), and 22 species of mammals (see Table 2-5). There are 12
threatened or endangered vertebrate wildlife species that could potentially occur in the area of the
site, but only one of these (the bald eagle) has been documented in the site.

3.0 PROBLEM FORMULATION

Figure ES-2 presents the conceptual model for the baseline ecological risk assessment. As shown,
tailings deposits, including bed sediments and overbank and floodplain deposits along Whitewood
Creek and the Belle Fourche River, may release chemical constituents to the overlying surface
water and interstitial pore water. Tailings deposited in overbank and floodplain soils may leach
chemicals to groundwater which could be transported to surface waters and seeps. Overbank
tailings deposits may also collapse and erode into the stream, resulting in the on-going release of
chemical-containing particles into surface water and sediments. Chemicals that are present in
surface waters, sediments, and soil may be accumulated within the aquatic and terrestrial food
chains, leading to exposure of higher trophic level predators. In addition to historical tailings
releases, in recent years several accidental slurry releases have also occurred. These releases
resulted in the discharge of heavy metals and cyanide directly into Gold Run Creek which drains
into Whitewood Creek.

Ecological receptors that may be exposed to chemical contaminants include aquatic receptors
(fish, benthic macroinvertebrates and aquatic plants), amphibians (aquatic life stage), terrestrial
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receptors (terrestrial plants, soil and terrestrial invertebrates), and wildlife receptors (birds and
mammals). Exposure pathways of chief concern are summarized below:

Ecosystem Receptor Exposure Pathways of Primary Concern
Aquatic All Direct contact with chemicals in water
Fish Ingestion of food web items
Benthic organisms Contact with sediment and porewater
Semi-aquatic Amphibians Direct contact with surface and seep water
Riparian zone soils | Plants, Soil Direct contact with chemicals in soil or shallow seep
invertebrates water
Terrestrial Wildlife receptors Ingestion of surface and seep water
Ingestion of soil or sediment
Ingestion of food web items

Selection of Indicator Species

It is not feasible to evaluate exposures and risks for each species potentially present within the
site. For this reason, specific wildlife species are identified as surrogates (representative species)
for the purpose of estimation of exposure and risk in the ERA. The surrogate species are wildlife
species present within the Site area that are representative of other species with similar dietary
preferences and feeding guilds. Selection criteria for wildlife surrogate species include trophic
level, feeding habits, and the availability of life history information. The species identified as
surrogate species at this site include:

. Masked shrew (mammalian insectivore)
. American robin (avian omnivore)

. Deer mouse (mammalian omnivore)

. Meadow Vole (mammalian herbivore)
. Cliff swallow (avian insectivore)

. Belted kingfisher (avian piscivore)

. Mink (mammalian piscivore)

. Red fox (mammalian carnivore)

. American kestrel (avian carnivore)

. Great Horned Owl (avian carnivore)

. American Dipper (avian insectivore)
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Selection of Chemicals of Potential Concern

Chemicals of Potential Concern (COPCs) are chemicals which exist in the environment at
concentrations that might be of potential concern to ecological receptors, and which are derived,
at least in part, from site-related sources. The procedure used to select COPCs for this ERA is
presented schematically in Figure ES-3. In brief, if there was no toxicity reference value (TRV)
to evaluate the potential effects of the chemical, the chemical was assigned to the "Qualitative
COPC" category (Type 1). Chemicals that have an appropriate TRV but were detected in less
than 5% of the samples from a medium (surface water, sediment, soil) were usually excluded from
further consideration, since chemicals that are rarely detected at a site are not likely to be
site-related. However, if the detection limit for a chemical was too high to expect detection of the
chemical if it were present at a level of concern, the chemical was assigned to the "Qualitative
COPC" category (Type 2). If a TRV was available for a chemical and the maximum detected
value of the chemical (from anywhere on the site) was less than the TRV, it was concluded that
the chemical does not occur at a level of potential concern, and it was not evaluated as a COPC.

If the maximum detected value did exceed the TRV, then the chemical was evaluated
quantitatively. It should be noted that this selection procedure is intended to be conservative;

that is, the selection procedure is intended to eliminate only those chemicals that are clearly not of
potential ecological concern, and to carry forward those chemicals that might be of concern. The
results of the COPC selection procedure are detailed in Appendix C and are summarized in Table
ES-1.

Assessment Endpoints, Measurement Endpoints, and Testable Hypotheses

Assessment endpoints are explicit statements of the characteristics of the ecological system that
are to be protected. Measurement endpoints represent quantifiable ecological characteristics that
can be measured, interpreted, and related to the valued ecological components chosen as the
assessment endpoints. At this site, four main assessment endpoints were established:

. Stream Viability and Function

. Riparian Floodplain Function and Viability
. Viability of Wildlife

. Viability of Amphibian Community
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Table ES-2 summarizes the testable hypotheses and measurement endpoints selected for each of
these assessment endpoints.

4.0 INVESTIGATIONS CONDUCTED SINCE THE SERA

As noted above, the SERA identified a number of data gaps where additional information was
needed to help improve the reliability and accuracy of the ecological risk assessment. In order to
address these data needs, the USEPA Environmental Response Team (USEPA/ERT) and USEPA
Region § performed aquatic and terrestrial field sampling in March and August 1999 (USEPA
2001a, 2001b). The study included 12 sampling locations along Whitewood Creek, the Belle
Fourche River, and Spearfish Creek (used as a reference area). Data collected included the
following:

Aquatic Investigation

. Concentration levels of COPCs in surface water, sediment, groundwater and seep water
. Concentrations of COPCs in the tissues of benthic macroinvertebrates and fish

. Density and diversity of benthic macroinvertebrates in sediment

. Laboratory-based toxicity of sediment to an invertebrates species (Hyalella azteca)

. Acid volatile sulfide and simultaneously extractable metals in sediment

. Habitat suitability data

Terrestrial Investigation

. Concentration levels of COPCs in soil

. Concentrations of COPCs in the tissues of small mammals

. Concentrations of COPCs in plant tissues

. Laboratory-based toxicity of soil to plants and earthworms

. Examination of small mammals for abnormal size or histopathology
. Qualitative survey of vascular plant species abundance

. Characterization of soil microbial community

In addition to the studies performed by USEPA, a number of other studies were performed that
provided new information on the density and diversity of aquatic species (Knudsen, 2001a, 2001b;
Chadwick, 2001) and terrestrial species (Custer, 1997) in the study area. All of these data were
evaluated for use in the baseline ecological risk assessment, as described below.
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5.0 DATA EVALUATION AND USABILITY

All previous and current investigations and site monitoring of the Whitewood Creek Site were
reviewed for the availability of reliable and relevant analytical and biological data that could be
used in the baseline ERA. Because the purpose of the risk assessment is to evaluate potential
hazards from current site conditions, only data from 1990 and later were employed.

Studies that were selected for use in the ERA are summarized in Table ES-3. As seen, there are
reliable COPC concentration data for all of the abiotic media of potential concern (surface water,
sediment, soil, and seep water), as well as a number of biological media (fish, benthic
invertebrates, plants, birds, small mammals, and soil invertebrates). In addition, there are a
number of site-specific toxicity studies and population surveys that contribute valuable
information. All of these data were considered in the risk assessment.

6.0 ASSESSMENT OF STREAM VIABILITY AND FUNCTION

Basic Approach

Several different approaches were used to assess stream viability and function in the study area,
including the following:

Comparison of COPC Concentrations in Site Media to Toxicity Benchmarks

One way to characterize the potential risks to aquatic receptors from exposure to COPCs in
surface water or sediment is the Hazard Quotient (HQ) approach. The HQ is defined as the ratio
of the exposure point concentration to an appropriate toxicity benchmark:

_ Concentration

HQ

Benchmark

If the HQ is less than or equal to one (1E+00), it is believed that no unacceptable effects will
occur in the exposed aquatic population. If the value of HQ exceeds 1E+00, then unacceptable
effects may occur, with the likelihood and/or severity of effects tending to increase as the value of
the HQ becomes larger. This approach may be applied to both abiotic media (surface water,
sediment, porewater, seepwater) and to biotic samples (tissues of fish and benthic organisms).
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Site-Specific Toxicity Tests

Another way to assess the risks from contamination in the aquatic ecosystem is to perform direct
toxicity tests (usually in the laboratory) by exposing a test organism directly to a site medium
(e.g., surface water, sediment, porewater, seep water). Such tests provide direct information on
the hazard posed by the site media to the test organisms.

Population Surveys

A third way to evaluate mining-related impacts on the aquatic community is to perform direct
observations on the density and diversity of aquatic receptors in Whitewood Creek and to
compare those observations with what would be expected in the absence of mining-related
impacts. This is usually done by using data from an upstream reach or from a similar (but un-
impacted) stream in a nearby location as a reference site.

Results

HQ Values for Aquatic Receptors from Direct Contact with Surface Water

. Based on national Ambient Water Quality Criteria (AWQC) values, acute HQs for
dissolved aluminum, copper, lead, selenium, and silver in surface water are below a level
of concern at all sampling locations.

. Chronic HQs for dissolved copper, lead, and selenium in surface water are below a level of
concern for a majority of samples at most Whitewood Creek stations downstream of Gold
Run Creek. However, some HQ values greater than 1E+00 do occur, suggesting that
these chemicals may contribute an intermittent low-level stress on aquatic receptors.

. Acute and chronic HQs for weak acid dissociable (WAD) cyanide are largely above a level
of concern at most stations on Whitewood Creek, and do not drop below a level of
concern until many miles downstream of Gold Run Creek. However, the TRV for cyanide
is based on free cyanide, and HQ values based on WAD cyanide may overestimate hazard.

. HQs based on site-specific surface water standards for copper, lead, silver, and cyanide (as

WAD cyanide) are all below a level of concern at nearly all locations. These site-specific
standards are based on the protection of stockable brown trout for a period of up to 90
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days. These results indicate that toxicity from surface water to stockable trout species in
Whitewood Creek is unlikely to occur. It is important to note, however, that these site-
specific standards are not intended to be protective of younger and more sensitive life
stages of trout and other aquatic receptors, and that compliance with the site-specific
standards is not direct evidence that there are no risks to the aquatic community.

HQ Values for Benthic Organisms from Direct Contact with Sediments

. Based on published sediment quality guidelines, predicted HQ values for sediment are
generally below a level of concern for cadmium, manganese, nickel, and zinc.

. HQ values for copper, lead, and mercury exceed a level of concern based on the lowest
TRV but are of minimal concern based on the highest TRV. Based on these comparisons,
sediment toxicity from these chemicals is considered possible, but not certain.

. HQ values for arsenic are substantially above 1E+00 at all non-reference segments of
Whitewood Creek and the Belle Fourche River, based on both the lower and upper
toxicity benchmarks. Based on this, arsenic is identified as a potential source of sediment
toxicity.

. At most locations on Whitewood Creek, sediment contains an excess of sulfide over
metals concentration, indicating that toxicity is not expected. Small excesses (less than 1
umol/g) of of metals over sulfide occurred at some stations, but the excess is sufficiently
small such that other binding agents (e.g., organic carbon) may attenuate exposures from
any metals that may leach into porewater.

Risks to Fish from Ingestion of Benthic Macroinvertebrates

. Based on screening-level oral TRV values, HQ values do not exceed a value of 1E+00 for
ingestion of cadmium, copper, lead, or zinc in prey items by fish, but do occasionally
exceed a value of 1E+00 for arsenic. These results suggest that ingestion of arsenic in
food web items might be of concern to fish. However, if any effects occur from dietary
exposure of fish, the results are likely to be minimal.
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. HQ values to fish from incidental ingestion of sediment while feeding do not exceed a
value of 1E+00 for any sediment sample at any station. This indicates that direct ingestion
of sediment by fish is not likely to be of concern.

HQ Values Based on Fish Tissue Data

. HQ values for fish based on COPCs measured in fish tissue are consistently above 1E+00
for mercury and zinc, but this occurs at the reference locations as well as the site stations,
suggesting the tissue-based TRV for these chemicals may be somewhat too low.

. There are two stations where the HQ based on arsenic is greater than 1E+00, both in the
upper reaches of Whitewood Creek. This suggests that arsenic might be of concern to
some individual fish but probably not all fish (the average HQ for arsenic for all fish
excluding reference locations is 6E-01). However, the data are too limited and the values
too variable to draw a firm conclusion.

Assessment of Seep Water Toxicity

. Some metals are up to an order of magnitude more concentrated in seep water than in
Whitewood Creek, and influx of seep water often leads to an observable increase in metals
concentration in the surface water downstream of the seep.

. Concentrations of arsenic in undiluted seep water exceed the acute and/or chronic AWQC
for arsenic at several different seeps. However, concentrations of arsenic in the stream
downstream of the seem do not exceed a level of concern.

. The site-specific seep water samples and samples from the stream downstream of the
seeps are not acutely toxic to the fathead minnow after 96 hours of exposure in laboratory
testing (USGS, 2000).

. Based on these observations, seep water is considered to be a source of contamination in

Whitewood Creek, but is not likely to be a source of significant toxicity to aquatic
receptors.
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Direct Sediment Toxicity Testing

Sediment toxicity tests using Hyalella azteca suggest that arsenic, cadmium, and/or
mercury levels in sediment or porewater might increase the risk of acute mortality in
exposed benthic organisms, but this conclusion is limited by the potential confounding
effects of elevated levels of ammonia in the porewater. In addition, the porewater
collected during laboratory-based sediment toxicity testing may not accurately reflect
metal concentrations in pore water in situ. Thus, firm conclusions are not possible from
the available sediment toxicity tests.

Aquatic Population Studies

7.0

Studies of fish, benthic macroinvertebrate, and periphyton communities in Whitewood
Creek indicate that populations are relatively diverse and abundant, although quantitative
comparisons with reference areas are limited.

ASSESSMENT OF RIPARIAN FLOODPLAIN FUNCTION AND VIABILITY

Basic Approach

The health of the riparian floodplain was assessed by focusing on the status of the terrestrial

rooted vascular plant community and on soil invertebrates. As above, risks were evaluated using

a variety of methods, including calculation of HQ values, direct toxicity testing, and observation

of population status.

Results

Soil Concentrations Compared to Phytotoxicity Benchmarks

For antimony, barium, copper, lead, mercury, molybdenum, nickel, silver, thallium, and
zinc, most or all calculated HQs are below a level of concern, indicating phytotoxicity
from these metals in floodplain soils is unlikely.

HQs for aluminum, boron, chromium, and vanadium are greater than 1E+00 at all stations,
including each of the reference locations. This indicates that the selected phytotoxicity
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benchmark values for these chemicals are probably not appropriate for soil conditions in
the Whitewood Creek site and may over-predict risks.

. For arsenic, HQ values are above a level of concern at all site locations, but are below a
level of concern at all reference stations. This suggests that arsenic in site soils could be a
source of phytotoxicity.

. Manganese HQs tend to follow a pattern that is qualitatively similar to arsenic, with most
Whitewood Creek soils at or above a level of concern, while reference areas are below a
level of concern. However, the magnitude of the exceedences for manganese are much
smaller than for arsenic, indicating that if manganese is of concern, the severity of the
effect is likely to be minor.

Seep Water Concentrations Compared to Phytotoxicity Benchmarks

. All HQ values for exposure of plants to seep water are below 1E+00 for all COPCs except
arsenic. Arsenic concentrations in seep water exceed the screening benchmark at all
stations except the reference location. These results indicate that phytotoxicity from root
exposure to arsenic in seep water could be occurring. However, confidence in this
conclusion is limited, for two reasons. First, seep water may not be indicative of soil
water in the root zone of riparian area plants. Second, there is low confidence in the
screening benchmark for arsenic due to a limited number of literature values, and because
the value is not based on site-specific studies.

Soil Concentrations Compared to Benchmarks for Soil Organisms

. HQ values for exposure of soil organisms to COPCs in soil are all at or below a level of
concern for barium, boron, copper, lead, mercury, molybdenum, nickel, silver, vanadium,
and zinc. This indicates that these metals are not likely to be of concern to soil organisms
in floodplain soils.

. HQs for aluminum, iron, and manganese are greater than 1E+00 at all locations, but the
values at reference locations are generally similar to the site locations. A generally similar
pattern is observed for chromium, although the HQ exceedences are lower. This indicates
that the selected soil organism benchmark for these chemicals may over predict risks and
may not reflect soil conditions in the Whitewood Creek site.
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Arsenic HQs are above a level of concern at all site locations, and are below a level of
concern at all reference locations. This indicates that arsenic in floodplain soils at the site
may be toxic to soil invertebrates.

Site-Specific Soil Toxicity Tests with Plants

Toxicity tests based on turnip seeds were not considered to be reliable due to a probable
effect of soil pH adjustment on plant growth and survival.

Growth responses for rye grass seeds grown in soils from three site locations (WWC-05,
WWC-06, and WWC-08) were not significantly lower than for seeds grown in soil from
WWC reference area.

Growth responses for rye grass seeds grown in soils from WWC-05, WWC-06, and
WWC-08 were not significantly lower than for seeds grown in laboratory control soil,
except for shoot length and biomass at WWC-08.

All of the growth responses for seeds grown in soils from WWC-05, WWC-06, or WWC-
08 were significantly lower (p < 0.01) than for seeds grown in soil from a reference
location on Spearfish Creek (SPC-R-12), except for root biomass at WWC-05. The basis
for this difference is not known.

With one exception, no association of potential concern was detected between the
concentration of any COPC and any of the measures of phytotoxicity. Because this
analysis tested 125 different relationships, the occurrence of only one apparently
significant relationship could be due to chance rather than an authentic chemical-related
effect.

Site-Specific Soil Toxicity Tests with Earthworms

None of the earthworms survived in soil from station WWC-05. However, survival of
earthworms exposed to soils from four other stations (WWC-06, WWC-07, WWC-08,
and WWC-09) was not statistically different from any of the control soils.
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Mean length and mean weight were not significantly different in worms exposed to
Whitewood Creek soils compared to laboratory control soil or Whitewood Creek
reference soil. Compared to Spearfish Creek soil, there was a decrease in length for
worms exposed for 14 days (but not 28 days) to soil from WWC-07, and an increase in
weight loss for worms from WWC-08 and WWC-09.

Correlation analysis of soil concentrations of each COPC with earthworm toxicity
revealed no consistent pattern across time or location. This suggests that any apparent
associations may be random rather than authentic dose-response effects.

Comparison of the Vascular Plant Community to Reference

Studies are available that provide information on the nature of plant communities within
and near the site. However, none of these studies provide data that correlate plant
community density or diversity to concentrations of COPCs or other soil attributes (pH,
organic carbon content, etc.), and none provide a quantitative comparison of density and
diversity at site locations to appropriate reference areas. Thus, these studies do not allow
an evaluation of whether COPCs in riparian soils are causing adverse effects on the

vascular plant community.

Comparison of Soil Functions to Reference

8.0

USEPA ERT (USEPA 2001b) conducted a study to evaluate the ecological integrity of
the soil ecosystem, including total and active biomass for bacteria and fungi, abundances
of protozoans (flagellates, amoebae, and ciliates), nematode abundances, and percent
colonization of roots by mycorrhizal fungi. However, due to a lack of understanding of
what range of measures for these various measurement endpoints is associated with
normal and impaired soil functioning, these data were not found to be applicable to a
quantitative risk evaluation for riparian floodplain soil integrity.

ASSESSMENT OF WILDLIFE VIABILITY

Basic Approach

In order to evaluate risks to terrestrial wildlife receptors, the riparian area along Whitewood

Creek and the Belle Fourche River was divided into a number of zones, as follows:
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Exposure Zone Description
Whitewood Creek upstream of Gold Run Creek
WWC - Reach A (reference area for WWC - Reach B)
WWC - Reach B Whltewqod C.reek downstream of Gold Run Creek to the
Crook City bridge
WWC - Reach C Whitewood Creek downstream of the Crook City bridge to
Crow Creek confluence
WWC - Reach D Whltewooq Creek from Crow Creek confluence to Belle
Fourche River
Belle Fourche River upstream of Whitewood Creek
BER - Reach A (reference area for BFR - Reach B)
BFR - Reach B Belle Fourche River downstream of Whitewood Creek
SPC Spearfish Creek
(reference area for WWC - Reach C & D)

Risks were evaluated on a zone-by-zone basis mainly by the HQ approach. In the case of wildlife
receptors, most TRV are based on ingested dose, so exposure to receptors was estimated by
calculating the expected intake of COPCs in water, soil, sediment, and the diet. In addition, risks
were also evaluated based on measured levels of COPCs in tissues of wildlife receptors, direct
observations on small mammal health, and surveys of wildlife receptor density and diversity.

Results

Predicted Risks from Ingestion Exposures

. For the great horned owl and the American dipper, predicted Hazard Index (HI) values
(the sum of the HQ values for all exposure pathways) do not exceed a level of concern
(1E+00) for any COPC at any location.

. Several COPCs (including aluminum, antimony, barium, lead, manganese, molybdenum,
thallium, and vanadium) are predicted to cause HI values above 1E+00 for one or more
receptors, but in all cases the HI value exceeds a value of 1E+00 in one or more reference
areas as well as site areas. This suggests that the TRVs and/or the relative bioavailability
values for these COPCs may be too conservative, since toxicity is not expected to be
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significant in reference areas. Thus, these HI values should be not be interpreted as strong
evidence of potential harm.

. Arsenic is predicted to cause HI values well above 1E+00 for a majority of receptors in
most site exposure zones, but not in any reference zones. These elevated HI values are
due almost entirely to ingestion of soil or sediment while feeding (see Appendix L), with
relatively little contribution from water or food web items. This indicates that arsenic in
soil or sediment might pose a health risk to a majority of wildlife receptors, including
representatives of nearly all feeding guilds.

. Ingestion of seep water is not a source of concern to any wildlife receptor.

Tissue Burdens in Wildlife Receptors

. Qualitative evaluation of COPC levels in the tissues of small mammals did not suggest that
any chemical was more concentrated in tissues from on-site locations than for reference
locations, except for arsenic. Note that this finding demonstrates that small mammals have
increased exposure to arsenic, but in the absence of a tissue level of arsenic that is
associated with adverse health effects, this finding alone should not be interpreted as proof
that arsenic is causing an adverse effect in small mammals.

. Birds from Whitewood Creek have higher exposure to arsenic than birds from the
reference area. However, in the absence of other information, this should not be
considered to be evidence of an arsenic-related adverse effect.

Small Mammal Organ Weight and Histopathology

. There is no clear difference in relative liver weights or relative kidney weights in small
mammals collected from White Creek sites compared to reference sites.

. There is a tendency for relative spleen weights to be higher in animals from Whitewood
Creek sites than reference locations, but the increase in spleen weight could not be
correlated with concentrations of any COPC measured in whole body tissue. The cause of
this observed effect is unknown.
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There appears to be an general increase in the incidence of abnormal histopathology in the
spleen, liver, and kidney from small mammals collected onsite compared to the reference
areas. Two of the results (kidney abnormalities at WWC-08 and spleen abnormalities at
WWC-06) are significantly different than for the reference areas, but the lack of a
consistent effect across locations decreases confidence that these effects are COPC-

related.

Population Studies

9.0

Several surveys have established that there are a large number of avian and mammalian
species present in and about the site. However, simple observation of the occurrence of
wildlife species in the site area is not evidence that mining-related wastes are having no
effect.

ASSESSMENT OF AMPHIBIAN COMMUNITY VIABILITY

Basic Approach

The health of the amphibian community along Whitewood Creek was assessed by the HQ

approach. No site-specific toxicity test results or population surveys were available for this class

of receptor.

Results

HQ Values Based on Surface Water Concentration Values

Concentration values of dissolved aluminum in surface water in Whitewood Creek might
occasionally reach a level of concern for the Eastern narrow-mouthed toad, but other
amphibian species for which toxicity data exist are not at risk from this COPC at this site.
Because the concentration of aluminum shows little spatial pattern, aluminum
concentrations are probably not substantially increased by mine-related releases.

Concentrations of dissolved copper, lead, and selenium do not exceed a level of concern
based for any of the species for which toxicity data are available.
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. Concentrations of dissolved silver reach or exceed a level of concern for two amphibian
species (Eastern narrow-mouthed toad, common Indian toad) in the upper reaches but not
in the lower reaches of Whitewood Creek.

HQ Values Based on Seep Water Concentration Values

. With the exception of a few data points for aluminum and one data point for lead,
concentrations of COPCs in seep water are below a level of concern for all of the
amphibian species for which TRVs could be located. This suggests that seep waters are
not likely to be a significant source of exposure or risk to amphibians who may have direct
contact with the seep water.

Risk of Toxicity to Amphibians from Sediment

. Toxicity data are not available to support risk evaluation risks to amphibians from direct
contact with sediments. However, this exposure pathway is likely to be minor compared
to direct contact with COPCs in surface water or seep water.

10.0 UNCERTAINTIES

Quantitative evaluation of ecological risks is limited by uncertainty regarding a number of
important data, exposure, toxicity, and risk factors. This lack of knowledge is usually
circumvented by making estimates based on whatever limited data are available, or by making
assumptions based on professional judgement when no reliable data are available. Because of
these assumptions and estimates, the results of the risk calculations are themselves uncertain, and
it is important for risk managers and the public to keep this in mind when interpreting the results
of a risk assessment.

Key sources of uncertainty in this risk assessment are summarized below.

Uncertainties in Problem Formulation

Selection of Receptors

Risks to wildlife are assessed for a small subset of the species likely to be present in the
Whitewood Creek Site. The representative wildlife species selected for quantitative evaluation
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represent a range of taxonomic groups and life history types. An effort was made to select
species representing the full range of possible exposures present in the area. These species may
not, however, represent the full range of sensitivities present.

Selection of Exposure Pathways

The exposure pathways selected for evaluation in the ERA are not inclusive of all potential
exposure pathways for all ecological receptors. Pathways were excluded from quantitative
evaluation either because they are believed to be minor, or because available data are not adequate
to support a meaningful quantitative evaluation. Omission of a pathway that is minor will lead to
a small underestimation of hazard, but this is not a significant source of uncertainty. Pathways
that are excluded because of lack of data could result in a larger underestimation of hazard, but
the degree of underestimation is not known.

Uncertainties in Exposure Assessment

Uncertainty from Chemicals Not Evaluated

As discussed in Section 3, any chemical that was detected in a site medium but which lacks a
toxicity value was assigned to a list of Qualitative COPCs (Type 1). Likewise, chemicals that
were detected infrequently (<5%), but which had detection limits that were too high to expect the
chemical would be detected even if it were present at a level of concern, were assigned to the
Qualitative COPC list (Type 2). The inability to quantify the hazard from these chemicals could
lead to an underestimation of hazard to some ecological receptors. However, the magnitude of
the underestimation is not necessarily substantial.

With respect to Type 1 qualitative COPCs, absence of a TRV for a chemical is sometimes due to
the fact that toxicological concern over that chemical is low. Thus, chemicals that lack TRVs are
often supposed to be relatively less hazardous that those for which TRV exist (although there are
likely exceptions to this rule). If so, risks from qualitative Type 1 COPCs at this site are likely not
of substantial concern. Similarly, qualitative Type 2 COPCs are not likely to be a source of
substantial concern (even if the detection limit is low), since if the chemical were site related or if
it were present at a level of substantial health concern, it likely would have been detected more
often. Thus, risks from qualitative Type 2 COPCs at this site are also not likely to be of
substantial concern.
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Uncertainties in Environmental Concentrations

In the exposure assessment, the desired input parameter is the true mean concentration of a
contaminant within a medium, averaged over the area where exposure occurs. Nearly all of the
calculations of receptor exposure and risk begin with measurements of the COPCs in
environmental media. As has been noted in preceding sections, even though there is an extensive
database for each of these media, because of the size of the site and because of the substantial
variability in concentration values over time and/or space, there is still uncertainty in the true
concentration values at any particular site location.

At some locations, COPC concentrations in some prey (food) items (plants, soil invertebrates,
terrestrial invertebrates, and small mammals) were not available, and site-specific relationships
between soil and the food web item were not robust enough to allow estimation by modeling.
Thus, exposure via food web intakes was not quantified at some locations. This will result in an
underestimation of exposure and risk, but based on results from other locations where food web
data were available, the magnitude of the error is probably small.

For aquatic and soil receptors, exposures are based on the distribution of values measured in
individual samples of water, sediment, or soil. For terrestrial wildlife receptors, exposure is based
on a conservative estimate of the mean (the 95% UCL or the maximum value). This approach is
likely to result in an overestimate of exposure and risk to wildlife.

Uncertainty in Wildlife Exposure Factors

Even if the concentrations of metals were known with accuracy in all abiotic and all biotic media
(food web items), the actual intake of the COPCs by site wildlife receptors would still be
uncertain because of the lack of site-specific knowledge of the actual intake rates. The food, soil,
water, and sediment intake (ingestion) rates used to estimate COPC doses are derived from
literature reports of intake rates by receptors at other locations. These rates may or may not serve
as appropriate models for site-specific intake rates at this site. Ingestion-related exposure
assumptions for wildlife are based on literature-derived information concerning average body
sizes, diet compositions, consumption rates, and metabolic rates. Much of this information is
derived from laboratory-reared animals and may not be representative of feral organisms.
Moreover, the actual diet composition of an organism will vary daily and seasonally. In addition,
some wildlife receptor-specific intake rates are estimated by extrapolation from data on a closely
related species or by use of allometric scaling equations (scaling of intake rates based on body

ES-20



weights). This introduces further uncertainty into the exposure and risk estimates. These
uncertainties could either under- or overestimate the actual exposures of wildlife to COPCs in
water, sediment, soil, and diet.

Uncertainty in Absorption From Ingested Doses

The toxicity of an ingested chemical depends on how much of the chemical is absorbed from the
gastrointestinal tract into the body. However, the actual extent of metal absorption from ingested
media (soil, sediment, food, and water) is usually not known. The hazard from an ingested dose
is estimated by comparing the dose to an ingested dose that is believed to be safe, based on tests
in a laboratory setting. Thus, if the absorption is the same in the laboratory test and the exposure
in the field, then the prediction of hazard will be accurate. However, if the absorption of chemical
from the site medium is different (usually lower) than in the laboratory study, then the hazard
estimate will be incorrect (usually too high). In this assessment, estimates of wildlife exposure
due to incidental soil and sediment ingestion conservatively assume a relative bioavailability of
100%. This assumption may overestimate contaminant doses to wildlife doses, since absorption
efficiencies for most metals are lower in soil and sediment than in most laboratory studies.

Uncertainties in Effects Assessment

Toxicity information for many contaminants is often limited. Consequently, there are varying
degrees of uncertainty associated with the wildlife toxicity reference values. Sources of
uncertainty associated with toxicity values are listed below:

. Toxicity data are not available for all of the species of potential concern at the site. Thus,
it is sometimes necessary to estimate toxicity values for a receptor by extrapolating across
species. This extrapolation introduces substantial uncertainty into the toxicity value,
usually by assuming that the species for which data are lacking might be more sensitive
than the species for which data are available. This approach is more likely to overestimate
than underestimate risk to ecological receptors.

. The literature-derived data used to identify toxicity benchmarks contain uncertainties
related to the application of generic data to site-specific conditions. The toxicity
benchmarks identified for the ERA are based on data from a wide range of sites and
conditions, many of which may be quite different from the conditions at the Whitewood
Creek Site. In some cases, site-specific factors may tend to modify (often decrease) the
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toxicity of metals in surface water, sediments, and soil. For example, metals in surface
water may be bound to soluble organic materials that reduce the tendency for the metal to
bind to respiratory structures of fish or benthic organisms. Similarly, the presence of
organic matter in soil, along with other substances, may have a significant influence on
actual toxicity. Thus, risks based on literature-derived toxicity factors may sometimes
overestimate risk from site media.

. Most TRV values are derived from studies of the adverse effects of a single contaminant.
However, exposures to ecological receptors usually involve multiple contaminants, raising
the possibility that synergistic or antagonistic interactions might occur. This sort of
interaction is of particular importance with regard to metals, since it is known that the
absorption and toxicity of some metals interact in complex ways. However, data are not
adequate to permit any quantitative adjustment in toxicity values or risk calculations based

on inter-contaminant interactions. This uncertainty may result in over- or underestimates
of risk.

. In some cases, TRV data are available only for high dose exposures, and extrapolation to
low doses (similar to those at the site) is a source of uncertainty. Likewise, some TRVs
are based on relatively short-term exposures, and extrapolation to long-term conditions is
uncertain, especially for chemicals that tend to bioaccumulate in the exposed organism.

Uncertainties in Risk Characterization

The basic HQ approach used for estimating exposure and hazard to terrestrial receptors is to
estimate the dose and the HQ for each COPC separately, and then to add HQs for a given

chemical across all exposure pathways to derive a chemical-specific hazard index (HI). In
accordance with USEPA guidance, effects from different COPCs are not added unless reliable
data are available to indicate that the two (or more) chemicals act on the same target tissue by the
same mode of action. At this site, HI values for each COPC were not added across different
chemicals. If any of the chemicals were act by a similar mode of action, total risks could be higher
than estimated.

Summary of Uncertainties

Based on all of these considerations, the HQ and HI values calculated and presented in this ERA
section should be viewed as having substantial uncertainty. Because of the inherent conservatism
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in the derivation of most of the exposure estimates and the TRVs, these HQ and HI values should
generally be viewed as being more likely to be high than low, and should be interpreted in a
weight-of evidence approach based on other types of available information as well.

11.0 WEIGHT OF EVIDENCE EVALUATION

As discussed above, three basic types of information are available to help assess the potential
impacts of site contaminants on ecological receptors:

HQ and HI Values

Because HQ values are not based on site-specific toxicity data, they do not account for
site-specific factors that may either increase or decrease the toxicity of the metals compared to
what is observed in the laboratory. For metals, this may include, for example, differences in the
physical/chemical form of the metals and hence in the bioavailability and toxicity of the metals in
site media compared to laboratory tests. In addition, estimates of exposure may be uncertain,
especially for dose-based calculations. Therefore, HQ values should be interpreted as estimates
rather than highly precise predictions.

Site-Specific Toxicity Studies

Site-specific toxicity tests measure the response of receptors that are exposed to site media. The
chief advantage of this approach is that site-specific conditions which can influence toxicity in site
media are usually accounted for. A potential disadvantage is that, if toxic effects are observed to
occur when test organisms are exposed to site media, it is usually not possible to specify which
chemical(s) is (are) responsible for the effect. Rather, the results of the toxicity testing reflect the
combined effect of the mixture of chemicals present in the site medium, including all of the metals
of potential concern as well as any other toxic chemicals which might be present. In addition, it is
often difficult to test the full range of environmental conditions which may occur at the site across
time and space, so these studies are not always adequate to identify the boundary between
exposures that are acceptable and those that are not.

Direct Observations of Receptor Diversity and Abundance

A third approach for evaluating impacts of environmental contamination on ecological receptors is
to make direct observations on the receptors in the field, seeking to determine whether any
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receptor population has unusual numbers of individuals (either lower or higher than expected), or
whether the diversity (number of different species) of a particular category of receptors (e.g.,
plants, benthic organisms, birds) is lower than expected. The chief advantage of this approach is
that direct observation of community status does not require making the numerous assumptions
and estimates needed in the HQ approach. However, there are also a number of important
limitations to this approach. The most important of these is that both the abundance and diversity
of an ecological population depend on many site-specific factors (habitat suitability, availability of
food, predator pressure, natural population cycles, meteorological conditions, etc.), and it is often
difficult to know what the expected (un-impacted) abundance and diversity of an ecological
population should be in a particular area. This problem is generally approached by seeking an
appropriate "reference area" (either the site itself before the impact occurred, or some similar site
that has not been impacted), and comparing the observed abundance and diversity in the reference
area to that for the site. However, it is sometimes quite difficult to locate reference areas that are
truly a good match for all of the important habitat variables at the site, so comparisons based on
this approach do not always establish firm cause-and-effect conclusions regarding the impact of
environmental contamination on a receptor population.

Weight of Evidence Approach

As discussed above, each of the methods available for evaluating potential impacts of
environmental pollution on ecological receptors has advantages and limitations. For this reason,
conclusions based on only one method of evaluation may be misleading. Therefore, the best
approach for deriving reliable conclusions is to combine the findings of all methods for which data
are available, taking the relative strengths and weaknesses of each method into account. If the
methods all yield similar conclusions, confidence in the conclusion is greatly increased. If
different methods yield different conclusions, then a careful review must be performed to identify
the likely basis of the discrepancy, and to decide which method is more likely to yield the correct
conclusion.

Scoring Evaluation of Observations

Evaluation of the weight of evidence on a particular issue is a process that generally requires
professional judgment. It is usually helpful to begin by summarizing all of the observations that
bear on a particular issue, and then deciding how relevant and how convincing each observation
is. That is, does the observation clearly imply that the COPCs have caused a particular effect
(e.g., acute lethality), or are there other credible interpretations that might account for the
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observation? For this ERA, the following qualitative scheme has been used to summarize the
results of individual studies or lines of evidence:

Effect Score Criteria

Score Meaning

Strong evidence that a site exposure is causing

++
an adverse effect

Evidence is consistent with, but not proof, that
a site exposure is causing an adverse effect

Evidence neither supports nor refutes that a site
exposure is causing an adverse effect

Evidence is consistent with, but not proof, that
a site exposure is not causing an adverse effect

Strong evidence that a site exposure is not
causing an adverse effect

Note that it is not appropriate to simply "average" all of the scores that bear on a particular issue,
since different observations are usually not equally relevant. Rather, professional judgement must
be used to weight the relative scientific merits of the different types of observations.

11.1 Stream Viability and Function

Table ES-4 summarizes data from the site that bear on the assessment of stream viability and
function. The observations are grouped to address testable hypotheses, and important strengths
and limitations in the available data are noted. Based on a consideration of all of the information,
a weight of evidence conclusion is derived regarding each hypothesis.

Table ES-5 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding the potential for risk to aquatic receptors from each potential
exposure medium, as well as an overall conclusion regarding stream function and viability. Key
conclusions are as follows:

. Risks to aquatic receptors from most COPCs in surface water are generally below a level

of concern, although some low level and intermittent stress may occur. Cyanide is not
likely to be of concern to stockable size fish, but available data are not sufficient to
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determine if sensitive life stages of fish or benthic macroinvertebrates may be at risk from

cyanide.

Risks to aquatic receptors from COPCs in sediment and pore water do not appear to be
above a level of concern at most stations, although risks from arsenic and cadmium might

be of concern in some locations.

Seep water is a source of increased COPC concentrations in Whitewood Creek.
However, the seep water has little apparent toxicity, and any exposures of aquatic
receptors to seep water are minimized by dilution of the seep water in the creek.

Exposures of aquatic receptors by ingestion of aquatic prey items and/or sediment do not
appear to be of concern.

Population surveys of fish and benthic invertebrates indicate that the communities are
generally abundant and diverse, although the possibility of an effect cannot be excluded

from these data.

Based on these findings, it is concluded that COPCs in the aquatic ecosystem may result in some

stress to aquatic receptors, but that the level and severity of any effects are probably not large
enough to cause substantial population-level impacts.

11.2 Riparian Floodplain Function and Viability

Table ES-6 summarizes data from the site that bear on the assessment of riparian floodplain
viability and function. The observations are grouped to address testable hypotheses, and

important strengths and limitations in the available data are noted. Based on a consideration of all

of the information, a weight of evidence conclusion is derived regarding each hypothesis.

Table ES-7 combines data and conclusions across multiple testable hypotheses in order to reach

overall conclusions regarding each hypothesis as well as an overall conclusion regarding the
riparian zone soil community function and viability. Key conclusions are as follows:

. Site soils are not generally toxic to plants or soil invertebrates.
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. If plant roots are exposed to seep water, phytotoxicity from root exposure to arsenic
could be occurring, but confidence in this conclusion is low.

. Terrestrial plant and microbial population data are insufficient to support a quantitative
conclusion.

Based on these findings, it is concluded that the viability and function of the riparian floodplain is
probably not substantially impacted by mining-related releases.

11.3 Viability of Terrestrial Wildlife

Table ES-8 summarizes data from the site that bear on the viability of terrestrial wildlife at the
site. The observations are grouped to address each of the testable hypotheses, and important
strengths and limitations in the available data are noted. Based on a consideration of all of the
information, a weight of evidence conclusion is derived regarding each hypothesis.

Table ES-9 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding each hypothesis as well as an overall conclusion regarding risks to
wildlife receptors. Key conclusions are as follows:

. Risks to wildlife do not appear to be of significant concern for exposures that occur from
ingestion of surface water, seep water, or food items.

. Many terrestrial receptors are predicted to have elevated risk of adverse effects from
ingestion of arsenic in soil or sediment.

. Site data confirm that small mammals have increased exposure to arsenic, but there are no
independent data from site-specific toxicity testing or quantitative population surveys that
can confirm or refute the predicted risk from arsenic.

Based on this, it is concluded that arsenic in soil or sediment may pose a risk to some wildlife

receptors, but that this conclusion should be considered tentative unless additional lines of
evidence can be added to the evaluation.
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11.4 Viability of the Amphibian Community

Table ES-10 summarizes data from the site that bear on the viability of amphibian receptors at the
site. The observations are grouped to address each of the testable hypotheses, and important
strengths and limitations in the available data are noted. Based on a consideration of all of the
information, a weight of evidence conclusion is derived regarding each hypothesis.

Table 11-8 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding each hypothesis as well as an overall conclusion regarding risks to

amphibians. Key conclusions are as follows:

. Some species of amphibians (but not all) may be at risk from dissolved COPCs in surface
water.

. Risks from sediment or diet cannot be evaluated quantitatively, but are expected to be
minor.

Based on this, it is concluded that risks to some amphibians are possible, but that this conclusion
should be considered tentative unless additional lines of evidence can be added to the evaluation.

11.5 Summary

Substantial data are available to evaluate the potential risks of COPC-related toxicity to aquatic
and terrestrial ecological receptors at the Whitewood Creek site. Based on an evaluation of the
weight of evidence across all available lines of evidence, it is concluded that mining-related
chemicals probably are causing some toxicological effects on both the aquatic and the terrestrial
ecosystems, but that these effects are generally low level and are probably not sufficient to result
in substantial disruption of either aquatic or terrestrial ecosystem function or viability.
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Figure ES-2
Ecological Site Conceptual Model

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure ES-3 COPC Selection Procedure

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota
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Table ES-1
Summary of COPCs Selected for Quantitative Analysis

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Plants & Soil
Aquatic Receptors Wildlife Receptors Invertebrates
Surface Surface
Parameters Water Sediment Water Sediment Soil Soil

Aluminum X X X X
Antimony X X X
Arsenic X X X X X
Barium X X X

Beryllium X
Boron X X

Cadmium X X X
Chromium X X X
Copper X X X X X

Cyanide X
Iron X
Lead X X X X X
Manganese X X X X
Mercury X X X X
Molybdenum X X X
Nickel X X
Selenium X

Silver X X
Thallium X X
Vanadium X X X
Zinc X X X X X
Total 6 8 2 14 15 17

COPC Summary.xls: Quant COPCs
7/1/2002



Table ES-2
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Assessment
Endpoint

Testable Hypothesis

Measurement Endpoint (s)

Stream Function
and Viability

(The on-site
instream habitat is
not significantly
degraded relative
to the reference)

The concentrations of COPCs in sediment,
porewater, and surface water on-site are not
greater than benchmark values for toxicity to
fish and benthic invertebrates.

Determine the concentrations of COPCs in sediment and compare
to sediment toxicity benchmarks.

Determine the concentrations of COPCs in sediment porewater
and compare to ambient water quality criteria (AWQC).

Determine the concentrations of COPCs in surface water and
compare to AWQC and site-specific standards.

The number of taxa and individuals in aquatic
communities on-site are not significantly less
than numbers at reference.

Compare the community data for periphyton, fish, and benthic
invertebrates (number of taxa, individuals, and other metrics) to
previous results and reference communities.

The toxicity of COPCs in site sediment to
benthic invertebrates is not significantly
greater than reference.

Evaluate the toxicity of site sediment to the amphipod (Hyalella
azteca) (growth and survival) through laboratory testing.

Evaluate the bioavailability of COPCs in sediment using both
porewater and AVS/SEM measurements.

The release of seep water is not significantly
increasing the in-stream toxicity of surface
water in WWC.

Determine the concentration of COPCs in water from seeps and
compare to AWQC.

Evaluate the acute toxicity of seep water to the fathead minnow
(Pimephales promelas) through laboratory testing.

The concentrations of COPCs in benthic
invertebrates and sediment on-site are not
greater than toxicity benchmark values for
ingestion by fish.

Determine the concentrations of COPCs in benthic invertebrate
tissues and compare to toxicity benchmarks for fish ingestion.

Determine the concentrations of COPCs in sediment and compare
to toxicity benchmarks for fish ingestion.

The concentrations of COPCs in fish tissue
on-site are not greater than toxicity
benchmark values.

Determine the concentrations of COPCs in fish tissue and
compare to toxicity benchmarks for fish tissue.

Riparian
Floodplain
Function and
Viability

(The on-site
riparian habitat is
not significantly
degraded relative
to the reference)

The concentration of COPCs in on-site
riparian floodplain soils and seep water is not
greater than benchmark values.

Determine the concentrations of COPCs in soil and compare to
toxicity benchmarks for plants and soil invertebrates.

Determine the concentrations of COPCs in interstitial seep water
and compare to toxicity benchmarks for plants.

The toxicity of riparian floodplain soils is not
significantly greater than reference.

Evaluate the toxicity of COPCs from soil through solid-phase
testing using earthworms.

Evaluate the toxicity of COPCs in soil through laboratory toxicity
testing using plants.

The number of vascular plant taxa on-site are
not significantly less than the numbers at
reference.

Compare the vascular plant community-types present on-site to
reference.

Soil function on site is not different than that
at reference locations.

Compare the soil function parameters on-site to that at reference.

Table 3-4 Assessment Endpoints.wpd
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Table ES-2
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Assessment

Endpoint Testable Hypothesis Measurement Endpoint (s)
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
The concentration of COPCs in food items of | the reference locations.
surrogate insectivorous wildlife species on-
site is not significantly greater than reference. | Determine the concentrations of COPCs in selected food items
(earthworms and grasshoppers) and compare on-site
concentrations to reference.
Through food chain models for the cliff swallow (Petrochelidon
The dietary exposure of surrogate pyrrhonota), American robin (Turdus migratorius), and the
insectivorous wildlife species to COPCs on- masked shrew (Sorex cinereus), estimate the daily dose of each
site is not greater than toxicity reference COPC and compare to respective toxicity reference value (dose
values. associated with no adverse effect). Compare results for on-site to
Viability of reference.
Insectivorous
Wildlife The body burden of COPCs in selected Determine body burdens of COPCs in the masked shrew (Sorex
species on-site is not greater than reference. cinereus) and/or other small mammals on-site and compare to
reference.
The body burden of COPCs in selected Determine body burdens of COPCs in the masked shrew (Sorex
species on-site is not greater than benchmark cinereus) and/or other small mammals on-site and compare to
values. toxicity benchmarks for tissue burdens.
Determine the weights of liver, kidney and spleen in the masked
shrew (Sorex cinereus) and/or other small mammals on-site and
The histopathology of organ tissues in compare to reference.
selected species on-site is not significantly
different from reference. Examine the liver, kidney and spleen in the masked shrew (Sorex
cinereus) and/or other small mammals on-site for abnormalities
and compare to reference.
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
The concentration of COPCs in food items of | the reference locations and background.
surrogate herbivorous and omnivorous
wildlife species on-site is not significantly Determine the concentrations of COPCs in selected food items
greater than reference or site-specific (plants) and compare on-site concentrations to reference.
background.
Estimate concentrations of COPCs in food items and compare on-
Viability of site concentrations to reference.
Herbivorous/
Omnivorous . . Through food chain models for the meadow vole (Microtis
Wildlife The dietary exposure of surrogate herbivorous vani .
pennsylvanicus) and deer mouse (Peromyscus maniculatus),

and omnivorous wildlife species to COPCs
on-site is not greater than toxicity reference
values.

estimate the daily dose of each COPC and compare to respective
toxicity reference value (dose associated with no adverse effect).
Compare results for on-site to reference.

The body burden of COPCs in selected
species on-site is not greater than reference.

Determine body burdens of COPCs in small mammals on-site and
compare to reference.

The body burden of COPCs in selected
species on-site is not greater than benchmark
values.

Determine body burdens of COPCs in small mammals and
compare to toxicity benchmarks for tissue burdens.

Table 3-4 Assessment Endpoints.wpd
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Table ES-2
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Al;;?;l;zrtlt Testable Hypothesis Measurement Endpoint (s)
Determine the weights of liver, kidney and spleen in the the
meadow vole (Microtis pennsylvanicus) and deer mouse and/or
Vial{ility of The histopathology of organ tissues in other small mammals on-site and compare to reference.
Herbivorous/ . o S
. selected species on-site is not significantly . . . .
Omnivorous . Examine the liver, kidney and spleen in the the meadow vole
f— different from reference. S .

Wildlife (cont.) (Microtis pennsylvanicus) and deer mouse (Peromyscus
maniculatus) and/or other small mammals on-site for
abnormalities and compare to reference.

Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those at reference.
The concentrapon of COP(.:S mn fogd 1‘tems of Determine the concentrations of COPCs in selected food items
surrogate carnivorous species on-site is not . :
significantly greater than reference or site- (small mammals) and compare on-site concentrations to
. reference.
Viability of specific background.
Carnivorous Estimate concentrations of COPCs in food items and compare on-
Wildlife site concentrations to reference and background.
Through food chain models for the American kestrel (Falco
The dietary exposure of surrogate carnivorous | sparverius), great horned owl (Bubo virginianus), and red fox
species to COPCs on-site is not greater than (Vulpes vulpes), estimate the daily dose of each COPC and
toxicity reference values. compare to respective toxicity reference value (dose associated
with no adverse effect). Compare results for on-site to reference.
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
the reference locations.
The concentration of COPCs in food items of
surrogate aquatic insectivorous wildlife Determine the concentrations of COPCs in selected food items
Viability of species on-site is not significantly greater than | (aquatic invertebrates) and compare on-site concentrations to
Aquatic reference or site-specific background. reference.
Insectivorous
Wildlife Estimate concentrations of COPCs in food items and compare on-
site concentrations to reference.
The dietary exposure of surrogate aquatic Through food chain models for the American dipper (Cinclus
insectivorous wildlife species to COPCs on- mexicanus), estimate the daily dose of each COPC and compare
site is not greater than toxicity reference to respective toxicity reference value (dose associated with no
values. adverse effect). Compare results for on-site to reference.
Determine the concentrations of COPCs in surface water and
sediment collected on-site and compare to those at reference.
Viability of The concen.tra.tion of COPCS in fopd @tems of . . . .
Piscivorous sgrrqgate piscivorous species on-site is pot Determine the concentrqtlons of COPCS in selected food items
Wildlife significantly greater than reference or site- (fish) and compare on-site concentrations to reference.

specific background.

Estimate concentrations of COPCs in food items and compare on-
site concentrations to reference.
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Table ES-2
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Al;;?;::;f:t Testable Hypothesis Measurement Endpoint (s)
Through a food chain model for the belted kingfisher (Megaceryle
Viability of The dietary exposure of surrogate piscivorous | alcyon) and the mink (Mustela vison), estimate the daily dose of
Piscivorous species to COPCs on-site is not greater than each COPC and compare to respective toxicity reference value
Wildlife (cont.) toxicity reference values. (dose associated with no adverse effect). Compare results for on-
site to reference.
The concentrations of COPCs in surface water | Determine the concentration of COPCs in surface water and
Viability of and seeps are not greater than benchmarks. seeps and compare to toxicity benchmarks.
Amphibian
Community The toxicity of COPCs in on-site sediment is Inference of sediment toxicity observed in macroinvertebrate
not significantly greater than at the reference. | exposures to amphibians.
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Table ES-3 Summary of Data Used in the Risk Assessment

Data Type

Medium

Location

Source

COPC concentrations
in abiotic media

Surface Water

Whitewood Creek, Belle Fourche River, Spearfish Creek

USGS and SDDENR (STORET)
USEPA (2001a)

Sediment Whitewood Creek, Belle Fourche River, Spearfish Creek | USEPA (2001a)
Seep Water Whitewood Creek USGS (2000)
USEPA (2001a)

Soil Whitewood Creek, Belle Fourche River, Spearfish Creek | USEPA (2001b)
COPC concentrations | BMI Whitewood Creek, Belle Fourche River, Spearfish Creek | USEPA (2001a)
in Biotic Tissues ] ] ] ]

Fish Whitewood Creek, Belle Fourche River, Spearfish Creek | Chadwick(1996), USEPA (2001a)

Plant, Grasshopper, Earthworm, Small Whitewood Creek, Spearfish Creek USEPA (2001b)

mammals

Birds Whitewood Creek Custer (1997)
Site-Specific BMI (Hyalella azteca) Whitewood Creek, Belle Fourche River, Spearfish Creek | USEPA (2001a)
Toxicity Tests ] ]

Fish (fathead minnows) Whitewood Creek USGS (2000)

Plant (turnip seed and rye grass seed) Whitewood Creek, Spearfish Creek USEPA (2001b)

Earthworm Whitewood Creek, Belle Fourche River, Spearfish Creek | USEPA (2001b)

Community surveys
of density and
diversity of
ecological receptors

Aquatic community (fish, BMI, periphyton)

Multiple stations on Whitewood Creek, along with one or
more reference locations

Chadwick (1990, 1997, 2001)
Knudson (2000, 2001a, 2001b)
USEPA (2001a)

Plants (quantitative assessment of grassland,
woodland/forest, and streamside vegetation)

Whitewood Creek

Harner and Associates (1991)

Whitewood Creek, Spearfish Creek

USEPA (2001b)

Soil Microbes

Whitewood Creek, Spearfish Creek

USEPA (2001b)

Birds & Mammals

Whitewood Creek

Harner and Associates (1990a,b)
Knowles 1996a,b)




Table ES-4. Assessment of Testable Hypotheses for Stream Function and Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Testable Hypothesis

Measurement Endpoint

Observation

Effect
Score

Discussion

Conclusion

The concentrations of

Acute and chronic AQWC are sometimes exceeded

The AWQC is based on free cyanide. HQ values based on

COPCs in surface water
on-site are not greater
than benchmark values
for toxicity to fish and
benthic invertebrates.

Reject Hypothesis. Cyanide in
surface water is not likely to cause
effects on stockable trout, but
might cause adverse effects to
sensitive life stages of fish and
benthic invertebrates. Other
chemicals may cause intermittent
low level stress.

The concentrations of
COPCs in sediment on-
site are not greater than
benchmark values for
toxicity to benthic
invertebrates.

Reject Hypothesis. Sediment
toxicity is predicted for Whitewood
Creek sampling stations. Primary
reason is elevated levels of arsenic.
Other COPCs (copper, lead,
mercury) might also contribute.

The concentrations of
COPCs in sediment
porewater on-site are not|
greater than benchmark
values for toxicity to
benthic invertebrates and|
fish.

+
Compare surface water for WAD cyanide downstream of Gold Run Creek. WAD cyanide may overestimate hazard by an unknown degree.
COPC concentrations to
i Occasional and Ily low-level d t . Lo
AWQC (Figure 6-1). ceasiona’ and generally JowIevel exceedences o These exceedances indicate that copper, lead and selenium in
chronic AWQC values occur for copper, lead and + . .
. surface water could cause intermittent, low level stress.
selenium.
Compare WAD cyanide . . . . .
P Y WAD cyanide concentrations exceed acute and/or Most species-specific values are based on free cyanide. HQ
surface water . .. . . .
. . chronic toxicity values for free cyanide for many fish + values based on WAD cyanide may overestimate hazard by an
concentrations to species- . ..
. . species and some benthic invertebrate genus groups. unknown degree.
specific value (Figure 6-2).
Compare surface water . . .
. . . Site-specific stanadrds were developed to protect stockable size
COPC concentrations to  |Site-specific standards are only rarely exceeded, and . .
. . - brown trout for periods of 90 days. These values might not
site-specific satanadrds then by only a small amount. R
. protect more sensitive life stages of fish or some BMIL
(Figure 6-3).
Predicted HQ values for sediment are generall . . T .
Q . & Y Based on these comparisons, sediment toxicity is not predicted
below a level of concern for cadmium, manganese, - . .
. . to be associated with these metals.
nickel, and zinc.
HQ values for copper, lead, and mercury exceed a . . ..
- i ’ Based on these comparisons, sediment toxicity from these
Compare sediment COPC |level of concern based on the lowest TRV but are of + chemicals is consi d:)re d os;ible but not cen':in
concentrations to toxicity |minimal concern based on the highest TRV. P ’ ’
benchmarks (Figure 6-5).
Predicted HQs from arsenic are substantially above
IE+00 at all non-reference segments of Whitewood + Arsenic is predicted to be associated with sediment toxici
Creek and the Belle Fourche River, based on both the P -
lower and upper toxicity benchmarks.
. At locations where mortality was observed,
Compare sediment . . . . . .
concentrations of cadmium exceed acute AWQC but Arsenic levels could be responsible for the mortality. Cadmium
porewater COPC . . . o
. not amphipod acute TRV (Figure 6-6). might cause mortality in other receptors, but probably not
concentrations to acute Concentrations of arsenic excceed both benchmarks + Hyalella . Possible confounding by ammonia (see below)
AWQC values and ' v ! &0y )

amphipod-specific acute
TRVs

Lead, copper and zinc exceeded the acute criteria at
WWC-03, but no mortality was observed at those
locations.

Porewater recovered from laboratory sediment toxicity tests may
not reflect in situ porewater concentrations.

Reject Hypothesis. Sediment
porewater could be toxic to BMI
due to arsenic and possibly
cadmium.

Weight of Evidence v2.xls: 11-1 Stream Funct& Viability
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Table ES-4. Assessment of Testable Hypotheses for Stream Function and Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Testable Hypothesis

Measurement Endpoint

Observation

Effect
Score

Discussion

Conclusion

Whitewood Creek and Belle Fourche River benthic

The slight impairment of the benthic community could be
associated with increased metals in surface water and sediment.

communities are slightly impaired relative to + Levels tend to generally decrease as a function of distance
respective reference stations (Figure 6-9). downstream; proof of exposure b}./ qirect contact, sediment, Reject Hypothesis. Benthic
The number of taxa and Compare the and/or food web; not proof of toxicity. communities in Whitewood Creek
individuals in the pe . L . and the Belle Fourche river
. macroinvertebrate There is a reduction in the number of organisms per L. . . - . .
macroinvertebrate community (number of  [sample between WWC-02 upstream of Gold Run and There are no significant correlations between the concentrations |downgradient of the site are slightly]
community on-site are ) indi Y duals. and other| WWC-03 downstream. The number of organisms " of any of the COPCs and the individual benthic metrics or impaired. The impairment could
not significantly less rz):r,i:sl) lt‘(?r::e rse;nacne otet remains small relative .to reference downstgream to biological condition scores. An inverse association was noted  [be related to increased metals
than numbers at communitics WWC-09 (Figure 6-11) for hardness. and/or degradation of habitat
reference & ) quality (embeddeness) from
tailings material.
Several metrics of BMI community status are . . . o
correlated with habitat quality (embeddedness) ) Some of the impairment of the benthic community is likely
(Figures 6-10 o 6-12) associated with degradation of the habitat quality.
The WWC-05 and WWC-06 test sediments reduced s . .
the survival of H azteca. Growth of the survivin The results indicate that sediments from these locations on
oroanisms was aiso s niﬁcaml reduced in the g + Whitewood Creek are toxic to aquatic invertebrates. Toxicity
W%’V C-05 sample (Tafle 6-10) Y was not observed in other samples.
Evaluate the toxicity of site P -
sediment to the amphipod |An association was observed between mortality and Th It ¢ that fth als mieht b
(Hyalella azteca) (growth [concentrations of mercury in sediment and arsenic + ese ris)]l'l ; siige‘s & oze or in;).ie (.) Hes;: ;le als might be . ) )
and survival) through and cadmium in porewater (Table 6-11). responsible for the increased mortality in Hyalella. Reject Hypothesis. Sediments are
The toxicity of COPCs [jaboratory testing. toxic in some but not all locations.

in site sediment is not
significantly greater than|
reference.

An association was observed between mortality and
concentrations of ammonia in porewater (Table 6-
11).

The ammonia in the test chambers for WWC-05 and WWC-06
could be the cause of the observed toxicity

Evaluate the bioavailability]
of COPCs in sediment
using AVS/SEM
measurements.

The difference between SEM and AVS for most
locations are negative (Table 6-5)

Based on excess AVS, sediment toxicity is not expected. Slight
excesses (less than 1 umol/g) of SEM over AVS occurred at
some stations, and BFR-11, but this excess is sufficiently small
such that other binding agents (e.g., organic carbon) might be
expected to attenuate exposures from any metals that may leach
into porewater.

Arsenic, cadmium and/or mercury
might be of concern at some
locations, but confounding by
ammonia prevents firm conclusion.

Weight of Evidence v2.xls: 11-1 Stream Funct& Viability
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Table ES-4. Assessment of Testable Hypotheses for Stream Function and Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Testable Hypothesis

Measurement Endpoint

Observation

Effect
Score

Discussion

Conclusion

The release of seep
water is not significantly
increasing the in-stream
toxicity of surface water
in WWC.

Most COPCs are below a level of concern even in thef
undiluted seep water. However, arsenic levels in

Undiluted seep water may be toxic to aquatic receptors.

Accept Hypoythesis. Under the
conditions measured, the seeps are
not expected to be toxic to
freshwater fish and benthic
invertebrates.

The concentrations of
COPCs in benthic
invertebrates and
sediment on-site are not
greater than toxicity
benchmark values for
ingestion by fish.

Accept Hypothesis. Adverse
effects to fish resulting from
ingestion of COPCs in food and
sediment are not likely.

The concentrations of
COPCs in fish tissue on-
site are not greater than
toxicity benchmark
values for fish tissue.

seep water are often above the acute and/or chronic + However, direct contact with undiluted seep water is not
Determine the AWQC value, and aluminum and lead are above the expected.
concentration of COPCs in|chronic AWQC value in two locations (Table 6-12).
water froin f:f)gs an Concentrations of COPCs in surface water
compare to QC. downstream of seeps are often elevated compared to Seeps may be contributing to the metals load in the river, but
the upstream location. However, none of the - because of dilution in the stream, seep releases are not likely to
elevations result in an exceedence of the acute or be a source of significant toxicity in surface water.
chronic AWQC values.
Evaluate the acute toxicity . .
The site-specific seep water samples are not acutely . .. .
of seep water to the . . Fathead minnow may not be as sensitive as other species that
. toxic to the fathead minnow after 96 hours of o . . .
fathead minnow . .. - reside in Whitewood Creek. Potential effects of chronic
. exposure in laboratory testing in any of the 5 seep .
(Pimephales promelas) exposure are not evaluated by this test.
. water samples compared to reference (Table 6-14).
through laboratory testing.
Compare concentrations of]
COPCs in benthic HQ values do not exceed a value of 1E+00 for Most of the exceedences are based on the NOAEL-based TRV.
invertebrate tissues to cadmium, copper, lead, or zinc, but do occasionally + Risks based on the LOAEL-TRYV are mainly below a level of
toxicity benchmarks for  |exceed a value of 1E+00 for arsenic (Table 6-6). potential concern.
ingestion by fish.
Compare concentrations of] . . . . . .

P . . Concentrations of all COPCs in sediments at all Sediment intakes by fish are uncertain. Based on assumed
COPCs in sediment to . . . . . . . .
toxicity benchmarks for stations are less than respective NOAEL-based and - intake rates, the ingestion of these metals in sediment is not

1Y 5 LOAEL-based toxicity benchmarks (Table 6-7). predicted to cause adverse effects to fish.
fish ingestion.

. H lues tend to be elevated fc d zinc at th
HQ values are consistently above 1E+00 for mercury Q values ten K 0 be clevated for n}ercur}f andzmea . ©
and zine Table 6-9) o reference locations as well as the site stations, suggesting the
Compare the ' MATC values for these chemicals may be somewhat too low.
concentrations of COPCs
in fish tissue to tox10} Y HQ values for arsenic exceed 1E+00 in a few Arsenic might be of concern to some individual fish but
benchmarks for fish tissue. . probably not all fish (the average HQ for arsenic for all fish
samples of fish from the upper reaches of Whitewood| +

Creek (Table 6-9).

excluding reference locations is 6E-01). Data are too limited
and the values too variable to draw a firm conclusion

Accept Hypothesis. Data are too
limited to support firm conclusion,
but results suggest most fish do not
have tissue burdens that are likely
to be associated with toxicity.

Weight of Evidence v2.xls: 11-1 Stream Funct& Viability
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Table ES-5. Weight of Evidence Evaluation for Stream Function and Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Medium

Assessment Method

Conclusions

Weight of Evidence for Medium

Weight of Evidence for Ecosystem

Surface water

Predictive (HQ and HI approach)

Cyanide in surface water is not likely to cause
effects on stockable trout, but might cause adverse
effects to sensitive life stages of fish and benthic
invertebrates. Other chemicals may cause
intermittent low level stress.

Site-specific toxicity testing

No toxicity observed for fathead minnows in water
from 5 locations above and below seeps along
Whitewood Creek.

Risks to fish and BMI from cyanide are possible,
but magnitude is unknown. Impacts from other
COPCs in surface water are likely low and
intermittent.

Sediment and
porewater

Predictive (HQ and HI approach)

Sediment toxicity is predicted for BMI in
Whitewood Creek sampling stations. Primary reason
is elevated levels of arsenic. Other COPCs (copper,
lead, mercury) might also contribute.

Site-specific toxicity testing

Risks to BMI from sediments are low at most
locations. Arsenic, cadmium and/or mercury might
be of concern at some locations, but confounding by
ammonia prevents firm conclusion.

Risks to BMI are possible, but impacts from
COPCs in sediment are likely to be restricted to a
small number of locations.

Seep water

Predictive (HQ and HI approach)

Undiluted seep water may be toxic to aquatic
receptors. However, after dilution, risks are not
predicted.

Site-specific toxicity Testing

Seep water samples are not acutely toxic to the
fathead minnow.

Risks from seep water are not of concern.

Diet

Predictive (HQ and HI approach)

Adverse effects to fish resulting from ingestion of
COPCs in food and sediment are not likely.

Site-specific toxicity testing

No data

Risks to fish from ingestion of aquatic prey items
or sediment are not of concern.

All

Site-specific population
observations

Tissue levels of arsenic exceed MATC in some fish,
but average is below a level of concern. Population
density and diversity of fish, BMI and periphyton arg
generally similar to other streams, and do not appear
to be correlated with COPC levels.

Population level effects are not apparent.

Some effects of COPCs on stream
viability and function may be occurring,
but the impacts are sufficiently low that
community and population level effects
are not readily apparent.

Weight of Evidence v2.xls: 11-2 Stream WOE
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Table ES-6. Assessment of Testable Hypotheses for Riparian Floodplain Function and Viability

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Testable Hypothesis

Measurement Endpoint

Observation

Effect
Score

Discussion

Conclusion

The concentration of
COPCs in on-site riparian
floodplain soils is not
greater than phytotoxicity
benchmark values (The on-
site riparian habitat is not
significantly degraded
relative to the reference)

Compare the distribution of
surface soil COPC
concentrations to plant
toxicity benchmarks (Figure
7-1).

For antimony, barium, copper, lead, mercury, molybdenum,
nickel, silver, thallium, and zinc, most or all calculated HQs
are below a level of concern.

These metals are not predicted to be associated with
phytotoxicity.

HQs for aluminum, boron, chromium, and vanadium are

This indicates that the phytotoxicity benchmark values for these

Reject Hypothesis. Arsenic
and perhaps manganese in
site soils is predicted to be
associated with
phytotoxicity.

The concentration of
COPCs in on-site riparian
floodplain soils is not
greater than soil
invertebrate benchmark
values (The on-site riparian
habitat is not significantly
degraded relative to the
reference)

Compare the distribution of
surface soil COPC
concentrations to soil
invertebrate toxicity
benchmarks (Figure 7-2).

Reject Hypothesis. Arsenic
in site soils is predicted to
be associated with toxicity
to soil invertebrates.

The concentration of
COPCs in on-site seep
water is not greater than
phytotoxicity benchmark
values (The on-site riparian
habitat is not significantly
degraded relative to the
reference)

Compare seep water COPC
concentrations (mean at
sampling station) to plant
toxicity benchmarks for
solution exposures

greater than 1E+00 at all stations, including each of the o chemicals are probably not appropriate for soil conditions in the
reference locations. Whitewood Creek study area and may over-predict risks.
For arsenic, HQ values are above a level of concern at all site . . .
. Benchmarks are not site-specific and may not account for site-
locations, but are below a level of concern at all reference + .
. L specific factors.
stations. Manganese is similar, but HQ values are lower.
HQ values are at or below a level of concern for barium, . . . ..
. . These metals are not predicted to be associated with toxicity to
boron, copper, lead, mercury, molybdenum, nickel, silver, - ..
. . soil invertebrates.
vanadium, and zinc.
HQs for aluminum, iron, and manganese are greater than
1E+00 at all locations, but the values at reference locations Benchmark values for these chemicals may over predict risks
are generally similar to the site locations. A generally similar o and may not reflect soil conditions in the Whitewood Creek
pattern is observed for chromium, although the HQ study area.
exceedences are lower.
Arsenic HQs are above a level of concern at all site locations, i Benchmark for arsenic is are not site-specific and may not
and are below a level of concern at all reference locations. account for site-specific factors.
All reported seep water concentrations of cadmium, copper,
lead, mercury, nickel, selenium and zinc are lower than - Risk of phytotoxity from these chemicals is not expected.
respective toxicity benchmarks.
Arsenic in seep water exceeds the screening benchmark at all 4 Seep water may not be representative of soil water in the root

sampling locations except the reference station.

zone. There is low confidence in the screening benchmark.

Reject Hypothesis. If plant
roots are exposed to seep
water, phytotoxicity from
root exposure to arsenic
could be occurring.

Weight of Evidence v2.xls: Tbl 11-3 Riparian Funct& Viabil
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Table ES-6. Assessment of Testable Hypotheses for Riparian Floodplain Function and Viability

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Testable Hypothesis

Measurement Endpoint

Observation

Effect
Score

Discussion

Conclusion

The toxicity of riparian
floodplain soils is not
significantly greater than
reference.

None of the earthworms survived at WWC-05. This response

Soils from other site locations did not cause mortality. This

Accept Hypoyhesis. Site
soils are not generally toxic
to plants or soil
invertebrates.

The number of vascular

plant taxa and on-site are
not significantly less than
the numbers at reference.

Data are insufficient to
support quantitative
conclusion.

The soil community on-site
is not different from that at
reference locations.

is statistically significant (p < 0.05) compared to all reference ++ . .
soils location or sample may be un-representative.
Mean length and mean weight were not significantly different
! h icity of in worms exposed to WWC site soils compared to laboratory
Evaluate the tOX,ICIty ° control soil or WWC reference soil. Compared to Spearfish
COPCs from soil through Creek soil. th d in lenoth f d . . L
. . . reek soil, there was a decrease in length for worms expose - There is no clear spatial pattern of toxicity and no apparent
solid-phase testing using for 14 d b 28 d il from WWC-07. and . oPe o
carthworms. (Table 7-5) for ays ( ‘_H not ays) to soil from -U/, and an meaningful associations between any of the earthworm toxicity
increase in weight loss for worms from WWC-08 and WWC- measurement endpoints and any of the COPCs in soil. This
09. suggests that COPCs in site soil are probably not responsible
for the observed earthworm toxicity.
The responses measured in the testing (mortality and growth
parameters) could not be correlated with the concentration of -
the COPCs or other measured soil parameters.
Nearly all of the growth responses for rye grass seeds were not|
significantly lower than for seeds grown in soil from - Based on the finding that growth of ryegrass in Whitewood
Whitewood Creek reference soil or laboratory control soil. Creek soils downstream from Gold Run Creek is not lower than
Evaluate the toxicity of for soil from a reference area upstream of Gold Run Creek and
COPCs in soil through Nearly all of the growth responses for seeds grown in WWC is also generally similar to laboratory control soil, and that no
laboratory toxicity testing soils were significantly lower than for seeds grown in soil + clear correlation between phytotoxicity and soil concentration
using plants. from Spearfish Creek. of any COPC could be detected, it is concluded that riparian
floodplain soils along Whitewood Creek are not significantly
No clear association was detected between soil levels of phytotoxic to plants.
COPCs and measures of phytotoxicity. )
Compare the vascular plant Based on the Spearfish Creek site (18 total species),
comrflunit tvpes res:nt on Whitewood Creek station WWC-05 is judged to be similar The plant data are qualitative in nature and do not support
. Y-ypes p (21 species), while sites WWC-06 and WWC-08 are quantitative, statistical comparisons to reference.
site to reference (Table 7-10) . .
somewhat less diverse (10 species).
Compare the soil function s . . . Lo . . .
. Variabilty in many parameters is apparent as a function of Information regarding interpretation of measured soil function
parameters on-site to na

reference.

location.

parameters is not available; no comparison was performed.

Knowledge is insufficient to
support a conclusion.

Weight of Evidence v2.xls: Tbl 11-3 Riparian Funct& Viabil

Page 2 of 2




Table ES-7. Weight of Evidence Evaluation for Riparian Floodplain Function and Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Weight of Evidence for Ecosystem

Medium Assessment Method Conclusions Weight of Evidence for Medium
Arsenic and perhaps manganese in site soils is predicted
L to be associated with phytotoxicity. Arsenic in site soils
Predictive (HQ and HI approach) . dicted to b p .yt d 'thij icity to soil
Site Soil 1§ predicted to be associated with toxicity to sor Site soils are not generally toxic to plants or soil
invertebrates. invertebrates.
. . .. . Site soils are not generally toxic to plants or soil
Site-specific toxicity testing .
invertebrates.
If plant roots are exposed to seep water, phytotoxicity
Predictive (HQ and HI approach) from root exposure to arsenic could be occurring. ..
. . If plant roots are exposed to seep water, phytotoxicity
Confidence in TRV is low. . .
Seep water from root exposure to arsenic could be occurring, but
confidence is low.
Site-specific toxicity Testing No data
. . . Plant population data are insufficient to support Lo .
Site-specific population 'p p . .. PD . Plant and microinvertebrate population data are
All . quanitative conclusion. Knowledge is insufficient to . . .
observations . PO insufficient to support a firm conclusion
interpret soil microinvertebrate study .

Some effects of COPCs on riparian zone
viability and function may be occurring, but
the impacts are sufficiently low that
community and population level effects are
not readily apparent.

Weight of Evidence v2.xls: 11-4 Riparian WOE
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Table ES-8. Assessment of Testable Hypotheses for Wildlife Viability

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Effect

areas (Figure 8-2). Arsenic is also higher in most
tissue and diet samples for birds.

Testable Hypothesis Measurement Endpoint Observation Score Discussion Conclusion
For the great horned owl and the American dipper,
predicted HI values do not exceed a level of concern - No evidence of concern for these species.
for any COPC at any location.
Based on measured ) ; ) ; . .
The ingestion concentrations in site media, Sev.eral COPC:s (including aluminum, antlm(.)ny, Occurrence of HI values above 1E+00 for reference R.eject Hypothesis. )
exposure of surrogate |calculate doses of each COPC barlu@ lead, manggnese, molybdenum, thallium, and areas suggests that the TRVs and/or the. RBl.\ values [Risks may bf’« oc.:crrmg to
wildlife species to from each medium for each vanadium) are predicted to cause HI V.alues above o for Ath.GSGA COPCs may be too C(‘)ns.ervatlv.e, since tene§tr1al Wll_dllf?e
COPCs in on-site surrogate species and compare to 1E+00 for one or more receptors, bl.'lt in all cases the toxicity is not expected to be significant in reference §p601e§ from 1nc1d'en.tal
media (water, food, |respective toxicity reference HI value exceeds a value of 1E+00 in one or more fireas. Thus, these HI V.alues should be pot be 1ngest10n (?f arsenlcvm
sopil, sediment) is not |value. Sum HQ results across reference areas as well as site areas. interpreted as strong evidence of potential harm. ;011 0; sediment. Risks
greater than toxicity |pathways to estimate HI for each [Arsenic is predicted to cause HI values well above dr(())r:llo t(;(;i::;k;:);gosure
reference values. COPC. Compare results for on- [1E+00 for a majority of receptors in most site significant
site and reference (Appendix L). [exposure zones, but not in any reference zones. Arsenic in soil or sediment might pose a health risk '
These elevated HI values are due almost entirely to + to a majority of wildlife receptors, including
ingestion of soil or sediment while feeding, with representatives of nearly all feeding guilds.
relatively little contribution from water or food web
items.
The ingestion e Estimate the daily dose of each .
exposure of wildlife . Accept Hypothesis.
species to COPCs in COPC for. each surrogate species Ingestion of COPCs in
on-site seep water is for ingestion of see.p water. a'nd All HQ values for each COPC for each seep are less ) Seep water sampl§§ that have been collected may not seep water is not likely
not greater than compare to respective toxicity |than or equal to one (Appendix L). represent all conditions. to be of concern to
e reference value. Compare results g
toxicity reference . wildlife receptors.
for on-site and reference.
values.
Qualitative comparison of tissue burdens in tissues
of small mammals does not reveal any clear COPC:s other than arsenic are not likely to be of
The body burden of  [Determine body burdens of differences for any COPC except arsenic (Appendix ) concern to small mammals. Reject Hypothesis.
COPCs in selected COPCs in small mammals and ~ |M)- Increased exposure of
species on-site is not |birds on-site and compare to Concentrations of arsenic are higher in tissues from i o . small mammals is
greater than reference. |reference small mammals collected on site than for reference The 1ncreas§d concentrations in on-site areas ] occurring for arsenic.
+ documents increased exposure but not necessarily

increased adverse effects.

Weight of Evidence v2.xls: Tble 11-5 Viability of Wildlife
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Table ES-8. Assessment of Testable Hypotheses for Wildlife Viability

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

. . . Effect
estable othesis easurement Endpoin servation Score iscussion onclusion
Testable Hypoth M t End t Ob t Di i Conclusi
. . . A . These data do not indicate that COPC exposure is
There is no clear difference in relative liver weights . R POs!
. . . . causing observable dysfunction in liver or kidney of
or relative kidney weights in small mammals
. . . R . - small mammals. However, some adverse effects are
Determine the weights of liver,  [collected from White Creek sites compared to . . . .
. - R not readily detected by routine gross or microscopic .
The hi hol ¢ kidney and spleen in small reference sites. ot Accept Hypothesis.
e 1sF0p at 0108y Ol nammals on-site and compare to ;};amma 1on. 7 T could notD Tied Available data do not
. . . . e increase in spleen weight could not be correlate
organ tissues in reference (Figure 8-3) There is a tendency for relative spleen weights to be . 5P £ . indicate that COPCs are
selected species on- . S . . with concentrations of any COPC measured in . .
o o higher in animals from Whitewood Creek sites than [ . .l . associated with
site is not significantly . tissue. The cause or significance of this observed . .
. reference locations. . significant pathology in
different from effect is unknown. small mammals
reference. . . .
Examine the liver, kidney and . - .
. .. |Apparent increased incidence of abnormal findings .
spleen in small mammals on-site |. . . Lack of consistency decrease confidence that the
in animals from on-site compared to reference. +

for histological abnormalities and
compare to reference (Table 8-8).

Effects are not consistent across tissues or locations.

effects are COPC related.

Weight of Evidence v2.xls: Tble 11-5 Viability of Wildlife
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Table ES-9. Weight of Evidence Evaluation for Wildlife Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Medium

Assessment Method

Conclusions

Weight of Evidence for Medium

Weight of Evidence for Ecosystem

Surface water

Predictive (HQ and HI approach)

Predicted HQ values for ingestion of surface water
are not of concern.

Site-specific toxicity testing

No data

Risks to wildlife from surface water are not of
concern.

Soil and Sediment]

Predictive (HQ and HI approach)

Predicted HQ values for ingestion of arsenic in soil
or sediment are of concern in most locations for mos
receptors.

Site-specific toxicity testing

No data

Risks to wildlife from arsenic in soil or sediment
may be of concern.

Predictive (HQ and HI approach)

Predicted HQ values for ingestion of seep water are
not of concern.

Risks to wildlife from seep water are not of

observations

Populations of birds and mammals are present, but
data do not allow determination if levels are lower
than expected.

Seep water
concern.
Site-specific toxicity Testing No data
. Predicted HQ values for ingestion of terrestrial pre
Predictive (HQ and HI approach) |. Q valu g prey . o . .
Diet items are not of concern. Risks to wildlife from terrestrial prey items are not
of concern.
Site-specific toxicity testing No data
Available data do not indicate that COPCs are
associated with significant pathology in small
mammals.
All Site-specific population Data do not reveal evidence of adverse effectss,

but ability to detect effects may be low.

Some effects of COPCs on terrestrial
wildlife may be occurring, mainly from
ingestion of arsenic. However, impacts
are not certain and are probably
sufficiently low that community and
population level effects are not
substantial.

Weight of Evidence v2.xls: 11-6 Wildlife WOE
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Table ES-10. Assessment of Testable Hypotheses for Amphibian Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

. . . Effect . . .
Testable Hypothesis | Measurement Endpoint Observation Score Discussion Conclusion
Concentration values of dissolved aluminum in surface water Because the concentration of aluminum shows
in Whitewood Creek might occasionally reach a level of . . . .
concern for the Eastern narrow-mouthed toad. Other little spatial pattern, aluminum concentrations are
iy . . o . . ) robably not substantially increased by mine-
amphibian species for which toxicity data exist are not at risk Ir)elate d ryeleases Y Y
. from dissolved aluminum. )
Compare the distribution
of surface water COPC  [Concentrations of dissolved copper, lead, and selenium do no ; ; ;
> > i Reject Hypothesis. Risks to
Th . N concentrations to exceed a level of concern based for any of the amphibian - Data do not suggest concern for amphibians for ! hibi - fr ilver i
e concentrations o . . ) ) ©cl ) these metals. amphibians from silver in
COPCs in surface water|2MPIP1aN toxicity species for which toxicity data are available. surface water are possible in the
are not greater than benchmarks (Figure 9-1) upper potion of WWC. Other
toxicity benchmarks for Concentrations of dissolved silver reach or exceed a level of chemicals in surface water are
amphibians. concern for two amphibian species (Eastern narrow-mouthed n Silver in the upper reach might be of concern to  [not likely to be of concern, and
toad, common Indian toad) in the upper reaches of some amphibian species. seep water is not of concern.
Whitewood Creek, but not at stations below the Berger Seep.
Compare seep water With the exception of a few data points for aluminum and
COPC concentrations to  [one data point for lead, concentrations of COPCs in seep Data do not suggest concern for amphibians at
amphibian toxicity water are below a level of concern for all of the amphibian seeps.
benchmarks (Figure 9-2) |species for which TRVs could be located.
.. . .. Accept Hypothesis. Since risks
The toxicity of COPCs No sediment toxicity benchmarks were located pLHyP
. . . By . . . |from water appear to be
in Site sediment is not for amphibians. Risks from sediment contact is .
. na na o . . generally low, risks from
significantly greater likely to be small compared to risks from contact . .
. sediment are likely to be below a|
than at the reference. with water.
level of concern.

Weight of Evidence v2.xls: Tble 11-7 Amphib Viability

7/1/2002
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Table ES-11. Weight of Evidence Evaluation for Amphibian Viability

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Medium

Assessment Method

Conclusions

Weight of Evidence for Medium

Weight of Evidence for Ecosystem

Surface water

Predictive (HQ and HI approach)

Risks to amphibians from silver in surface water are
possible in the upper potion of WWC. Other chemicals
in surface water are not likely to be of concern.

Site-specific toxicity testing

No data

Potential risks exist in upper reaches of
WWC.

Predictive (HQ and HI approach)

Risks from sediment are likely to be below a level of
concern.

Data are sparse, but effects are not

Sediment
expected.
Site-specific toxicity testing No data
Predictive (HQ and HI approach) Seep water is not of concern.
Seep water Effects are not expected.
Site-specific toxicity Testing No data
Predictive (HQ and HI approach) No data
Diet No data, but effects are likely to be low.
Site-specific toxicity testing No data
All Site-specific population observations |No data No data

Although some effects are possible for
some receptors, overall hazard does not
appear to be substantial.

Weight of Evidence v2.xls: 11-8 Amphibian WOE
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1.0 INTRODUCTION
1.1 Purpose

This document is a baseline ecological risk assessment (ERA) for the former Whitewood Creek
Superfund Site, located near Whitewood, South Dakota (Figure 1-1). This ERA was completed
as part of the five-year review process to help determine whether the remedial action specified
for this site in 1990 (USEPA, 1990a) is protective of the environment.

1.2 Approach

This ERA is completed in accordance with current United States Environmental Protection
Agency (USEPA) guidance for performing ecological risk assessments (USEPA, 1992, 1997a,
1998). The general sequence of steps used to carry out an ERA at a Superfund site is illustrated
in Figure 1-2 (USEPA, 1997a).

At this site, the ecological risk assessment process was initiated by performing a screening-level
ecological risk assessment (SERA) in October of 1998 (ISSI, 1998). Because a SERA uses a
number of simplifying assumptions and approaches and is intentionally conservative, the SERA
was not intended to support any final quantitative conclusions about the magnitude of the
potential ecological risks. Rather, the SERA provided preliminary information on the potential
for adverse effects to aquatic receptors (including benthic invertebrates and fish) exposed via
direct contact to chemicals of potential concern (COPCs) in surface water and sediments; to
terrestrial plants exposed via direct contact to soils; to terrestrial soil invertebrates exposed via
direct contact to soils; and to terrestrial wildlife receptors exposed via ingestion of surface water,
sediments, soils, fish, benthic invertebrates, terrestrial plants and soil invertebrates. The SERA
also identified data needed for the completion of a more detailed evaluation and made
recommendations for the collection of these data.

Following completion of the SERA, several data collection efforts were conducted to support a
more detailed and thorough evaluation of ecological impacts at the site. These efforts included
the collection and chemical analysis of additional samples of environmental and biological
media, a series of site-specific toxicity tests on sediment, soil, and seep water, as well as several
surveys of aquatic community and habitat in Whitewood Creek and the Belle Fourche River.

The current baseline ERA report utilizes the new data along with the historical data to provide an
updated and refined ecological risk evaluation for the site.
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1.3 Organization

In addition to this introduction, the ERA report is organized into the following main sections.

Section 2 - This section describes the location, environmental setting, and regulatory
history of the Whitewood Creek Site.

Section 3 - This section presents the problem formulation for the baseline ecological risk
assessment. This includes a summary of the conclusions of the SERA, the development
of the site conceptual model, selection of the chemicals of potential concern, and
definition of the assessment and measurement endpoints.

Section 4 - This section presents a summary of site investigations and studies conducted
that help address the data gaps identified in the SERA.

Section 5 - This section discusses the available data for the Whitewood Creek Site,
including a description of the nature and extent of heavy metal contamination present in
both environmental and biological media.

Section 6 - This section presents an assessment of stream viability and function at the
Whitewood Creek site. This includes a description of aquatic exposures, aquatic toxicity
benchmarks, estimated Hazard Quotients, the results of site-specific toxicity testing, and
the results of site-specific aquatic population surveys.

Section 7 - This section presents an assessment of the function and viability of terrestrial
plants and soil invertebrates that reside in the riparian floodplain along Whitewood
Creek. This includes a description of chemical concentrations in soil, toxicity
benchmarks for plants and soil invertebrates, estimated Hazard Quotients, the results of
site-specific toxicity testing, and the results of site-specific plant surveys.

Section 8 - This section presents an assessment of the viability of population of wildlife
receptors that reside in the riparian zone along Whitewood Creek. This includes a
description of estimated exposure levels, wildlife toxicity benchmarks, estimated Hazard
Quotients, and the results of site-specific wildlife population surveys.

Section 9 - This section presents a screening level assessment of the viability of the
amphibian community that resides along Whitewood Creek. This includes a
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characterization of amphibian exposure levels, a summary of amphibian toxicity
benchmarks, and presentation of estimated Hazard Quotients.

Section 10 - This section presents the uncertainties associated with the ERA and the
potential impact of these uncertainties on risk estimates.

Section 11 - This section presents a weight of evidence based on the risk characterization
for each assessment endpoint and an overview of conclusions of the ERA by each

exposure medium.

Section 12 - This section provides citations for all data, methods, studies, and reports
utilized in the ERA.
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2.0 SITE CHARACTERIZATION

2.1 Site Location

The former Whitewood Creek Superfund Site is located in Lawrence, Meade and Butte Counties,
South Dakota. The former National Priorities List (NPL) Site encompasses 18 miles of the 100
year floodplain of Whitewood Creek from the Crook City bridge near Interstate 90 to the
confluence of Whitewood Creek and the Belle Fourche River (Figure 1-1). The NPL boundary
was established based on the presence of tailing deposits along Whitewood Creek and was
primarily based on human health risks from arsenic. This ecological risk assessment evaluates
potential risks not only within the Superfund Site boundary, but also at upstream and
downstream locations on Whitewood Creek and along the Belle Fourche River. In this
document, this larger area is referred to as the “site” or "study area", while the sub-area
comprising the former Superfund site is referred to as the "NPL Site" .

2.2 Site Description

A large gold mine operated by Homestake Mining Company (HMC) is located in Lead, South
Dakota near the headwaters of Whitewood Creek. Mining operations over the last century have
produced about 1,000,000,000 tons of ore from both open pit (Figure 2-1) and subsurface
workings (Fox Consultants, Inc., 1984a). During the period between 1870 and 1977, tailings
generated during the operation of the mine were released into Gold Run Creek, which drains
directly into Whitewood Creek between the towns of Lead and Deadwood (Figure 2-2). Since
1977, residual slimes and process water have been piped to the Grizzly Gulch tailings
impoundment in the upper reaches of the Whitewood Creek watershed. Beginning in 1984, a
wastewater treatment plant has treated water from the tailings impoundment and mine. Solids
are returned to the tailings pond and water enters Gold Run Creek . This discharge is monitored
by a Surface Water Discharge permit (Permit No. SD-0000043) (USEPA, 1990a).

Stream Morphology

Deposition of tailings altered the morphology of Whitewood Creek. Before tailings were
deposited, Whitewood Creek was reportedly a typical Black Hills ephemeral stream with a thin
layer of alluvium deposited over bedrock (USEPA, 1989a). It is estimated that approximately 25
to 37 million tons of tailings were deposited in the floodplain (ICF, 1989). The large mass of
tailings transported in the Whitewood Creek basin resulted in a series of depositional and
erosional events that distributed tailings throughout the flood plain. In their upper reaches, Gold
Run Creek and Whitewood Creek are rather steep, and most of the tailings were carried
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downstream by the flow of the water. Near Crook City, the gradient of Whitewood Creek
becomes less steep, allowing the tailings to become deposited along the banks and in the creek
sediment.

Currently, Whitewood Creek has eroded through the tailings to or near shale bedrock and the
stream is braided over much of the study area (USEPA, 1989a; ICF, 1989). When aggradation
of the streambed lessened in the early 1900's, overbank deposits were stabilized in places with
vegetation (USEPA, 1989a). Tailing deposits clearly extend to the Belle Fourche River and
downstream to the Cheyenne River.

The feasibility study (ICF, 1989) describes the stratigraphy of the tailing deposit areas as: 1) an
upper deposit of tailings ranging from approximately one to fifteen feet thick and fifty to several
hundred feet wide on each side of the creek along its full 18 mile length within the Site, 2) an
underlying strata of natural alluvium consisting of sandy to sandy silt materials with variable
amounts of intermixed tailings, and 3) the thick shale strata that forms the floor of the valley
(Figure 2-3).

Mining Processes

The first milling methods at HMC were primitive and non-mechanized. Gold was recovered by
using crude methods of crushing with recovery by gravity or mercury amalgamation. By 1880,
the early non-mechanical methods were replaced with more than 1,000 stamp mills (large blocks
of cast iron or steel dropped onto replaceable anvils) that crushed the ore to a coarse sand size.
The tailings were then discharged to Whitewood Creek or its tributaries. Prior to the turn of the
century, much of the ore consisted of near surface, red-colored minerals that were residual
oxidation products of the arsenopyrite, pyrrhotite, and pyrite mineralization of the original
unoxidized ore bodies (Fox Consultants, Inc., 1984a; Chadwick Ecological Consultants, Inc..,
1997). After the turn of the century, the black and green-colored reduced ores from deeper in the
mine (below the zone of oxidation) were the focus of the mining activity. These ores contained
large percentages of reduced oxidation-state minerals, including arsenopyrite and pyrrhotite.

The use of ball and rod mills, brought into service in the 1920s, created finer-grained tailings
referred to as "slimes". As the mining went deeper, maintenance of the structural integrity of the
mine walls necessitated backfilling with the coarse (sand-sized) portion of the tailings.

Until 1977 (with the exception of five years of closure during World War II), the "slimes" and

some coarse-grained sands, continued to be discharged directly into Gold Run and thereby into
Whitewood Creek. Discharge from a number of sources ceased in approximately 1920, when
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HMC became the only remaining source of tailings discharge. In 1977, HMC constructed a
tailings impoundment in the upper reaches of the watershed and tailings discharges to the creek
ceased (Chadwick Ecological Consultants, Inc.., 1997).

Presently, ore is milled in crushers and rod and ball mills. The material from the milling process
is separated into two size fractions, sand and slimes. These fractions are treated separately by
cyanide leach and carbon filter methods. Residual sand material is used to backfill within the
mine. Residual slimes and process waters are piped to the Grizzly Gulch tailings impoundment
in the upper reaches of the Whitewood Creek watershed. The tailings disposal system became
operational in 1977, resulting in cessation of direct discharge of tailings to Gold Run Creek
(Chadwick Ecological Consultants, Inc., 1997).

Mercury amalgamation of the ores was used over the greater period of the mining operation and
was discontinued in January of 1971. Quotes on the volumes of mercury used and lost to the
waste stream in this process vary from an eighth of an ounce to almost half an ounce per ton of
ore crushed with almost 50 percent of this volume lost to the entire waste stream. Cyanide has
also been used in the gold recovery process since the early 1900's to process the lower grades of
ore and increase gold and silver recoveries. Since the cessation of mercury use in 1971, cyanide
has been used exclusively for gold recovery. The tailings also contain considerable quantities of
arsenic that are derived from minerals in the ore (Fox Consultants, Inc., 1984a).

Waste Water Treatment Processes

In 1984, a wastewater treatment plant began treating water from the tailings impoundment and
mine. The plant uses rotating biological contactors to remove cyanide and ammonia; iron
precipitation and sorption to remove metals; and sand filtration to remove suspended solids.
Solids are returned to the tailings pond. Water enters Gold Run Creek and discharges into
Whitewood Creek between the towns of Lead and Deadwood. This discharge is monitored to
meet requirements of the Clean Water Act (Chadwick Ecological Consultants, Inc., 1997).

2.3 Basis of Potential Concern

Tailings Deposits

Tailings (finely ground rock containing residual metallic and nonmetallic compounds not
extracted from the ore and trace compounds used in the extractive processes) were transported
away from the mine by disposal into surface water. Reports indicate that in 1963 as much as
3,000 tons per day of tailings, together with 12,500 tons per day of water, were being discharged
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to Gold Run Creek (Fox Consultants, Inc., 1984a). The tailings material was transported by the
creek flow and deposited downstream from the mine with the larger deposits along the banks of
Whitewood Creek between the Crook City Bridge and the confluence with the Belle Fourche
River (Figure 1-1). Tailings remain along much of this reach of Whitewood Creek as depicted in
the photographs shown in Figure 2-4.

Slurry Releases

In addition, several documented fish kill events along Whitewood Creek have been associated
with slurry releases from the mine. Recently, two such events have been reported to the
SDDENR and the USEPA. Details regarding these releases are located in the Notice of Violation
and Order and the Settlement Agreement and are summarized below (SDDENR, 1998a,1998b).

On November 25, 1997, approximately 100 gallons of slurry containing mine wastes and wood
chips (15-20 mg/L cyanide) were accidentally released from the Kirk bore hole. After flowing
overland, the slurry flowed directly into Whitewood Creek. The majority of fish mortality was
seen about 150 to 2,000 feet downstream of the release (65 dead trout).

On May 29, 1998, approximately 10,000 gallons of mill tailings and process solution containing
cyanide and heavy metals (20 mg/L cyanide) was released from the west sand plant into a storm
sewer that discharges into Gold Run Creek. The slurry flowed down Gold Run Creek about one-
half mile and into Whitewood Creek. The slurry release produced discoloration, sludge deposits,
and sediments in Gold Run Creek and Whitewood Creek. HMC estimated that 10 to 12 tons of
tailings were released, about 1 to 2 pounds of weak-acid dissociable cyanide. However, HMC
later reported that 12 to 15 tons of tailings were removed from Gold Run Creek, not including
the Whitewood Creek tailings; therefore, the estimate of 10 to 12 tons is thought to be low.

In June 1998, OEA Research Consultants (hired by HMC) conducted an assessment of the
aquatic life in Whitewood Creek to evaluate the effects of the May 29, 1998 release. This
assessment estimated that 1,035 to 2,995 brook trout, brown trout, longnose dace, and mountain
suckers were killed between the Whitewood Creek tunnel in Deadwood and the confluence of
Gold Run Creek. Although dead fish were also observed in Whitewood Creek below the
confluence with Gold Run Creek, quantitative estimates were not available.

As a results of these releases, SDDENR ordered HMC to conduct aquatic assessments
(biannually for three years) of Whitewood Creek to ensure that the 1997 and 1998 releases
resulted in only short-term aquatic impairment. These results of these aquatic assessments will
be discussed further in the evaluation of risks to the aquatic communities of Whitewood Creek.
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According to the settlement agreement, Homestake was also required to pay $150,000 to
SDDENR for civil penalties and $50,000 to the city of Lead, South Dakota, for the separation of
the combined sewer system in Lead.

24 Site Regulatory History

The Whitewood Creek Site was nominated for the NPL in 1981 and was listed on the NPL in
1983. In 1985, an endangerment assessment (EA) was initiated and completed in 1989 by
Jacobs Engineering (USEPA, 1989a; Jacobs Engineering, 1989). The feasibility study (FS) was
completed in 1989 and the Record of Decision (ROD) was issued in 1990 (ICF, 1989; USEPA,
1990a). Clean up of residential area soils was completed in 1992. Institutional controls were in
place by 1994 and the Site was removed from the NPL in 1996. Table 2-1 lists the activities and
reports associated with the Superfund Process completed at the Whitewood Creek Site.
Appendix A presents summaries of many of the key investigations and the principle regulatory
documents associated with the Site.

The studies used as the basis of the ROD (Fox Consultants, Inc., 1984a and Jacobs Engineering,
1989) did not, in general, meet the requirements of guidelines for risk assessments and Remedial
Investigations (RI) available at the time of completion (USEPA, 1988). The RI/FS guidance
specified that existing data should be collected and analyzed to develop a site conceptual model
to be used to assess the nature and the extent of contamination and to identify potential exposure
pathways and potential human health and/or environmental receptors (USEPA, 1988; pgs 2-2
and 2-8). The guidelines also stated that the location of any threatened, endangered or rare
species, sensitive environmental areas or critical habitats on or near the Site should be identified
(USEPA, 1988; pg 2-7). These tasks (site conceptual model, risk assessment components, and
identification of rare, endangered and threatened species) were not completed in the risk
assessments prior to the ROD.

Several guidelines for ecological risk assessment have been issued since these risk evaluations
were completed. Some of the guidance materials include:

Risk Assessment Guidance for Superfund Volume II: Environmental Evaluation Manual
(USEPA, 1989b)

Framework for Ecological Risk Assessment (USEPA, 1992)

Ecological Risk Assessment Guidance for Superfund: Process for Designing and
Conducting Ecological Risk Assessments, Interim Final (USEPA, 1997a)
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The available guidance consistently recommends completion of an ecological risk assessment
(ERA) that includes four primary components; Problem Formulation, Exposure Assessment,
Effects Assessment, and Risk Characterization, and is completed according to an established 8-
step process (Figure 1-2; USEPA, 1997a). This ERA serves to complete these required steps for
the Whitewood Creek Site.

2.5  Site Environmental Setting
2.5.1 Physical Setting

Whitewood Creek flows northeast from its source in the Black Hills of South Dakota past the
Homestake Mine and the towns of Lead, Deadwood and Whitewood before joining the Belle
Fourche River on the Missouri Plateau. The Belle Fourche River joins the Cheyenne River
approximately 130 miles further downstream (Fox Consultants, Inc., 1984a).

Prior to the initiation of tailings discharge, Whitewood Creek was a small stream with
insufficient capacity to move large quantities of sediment. As tailings were released into the
stream, the length of the stream channel diminished, primarily through meander abandonment,
thereby increasing the stream gradient and thus the stream sediment carrying capacity.
Abandoned meanders were filled with tailings and natural alluvium. Successive layers of these
sediments were deposited in overbank areas, particularly during periods of ice jamming. As the
meanders were being abandoned, the stream began a period of down cutting along the course of
the present channel. Down-cutting was limited by resistant coarse alluvial deposits and by shale
outcrops that form the streambed in many places (Fox Consultants, Inc., 1984a).

The present course of Whitewood Creek in the upper reaches of the site is comparatively straight
with few meanders and few bends. In the lower reaches, the channel is a 4-braided pattern with
occasional bends or meanders. Although the present channel is not entirely stable, many of the
overbank terraces and abandoned meanders have tailings deposits that have been stable for many
decades. A dense cover of leaf mulch, grass, and mature trees, some of which are 2 feet in
diameter, exist on many of these stable areas (Fox Consultants, Inc., 1984a). Figure 2-5 provides
photographs of Whitewood Creek from the Crook City bridge to the confluence with the Belle
Fourche River. These photographs are keyed to a general map showing the location of the
photograph.
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2.5.2 Vegetative Cover

Vegetative communities along Whitewood Creek change between the upper and lower portions
of the stream. Fox Consultants, Inc. (1984a) characterized the vegetative communities as two
zones, with plant communities exhibiting relatively constant species composition within each of
the two zones.

The first zone encompasses the upper portion of the stream, from the headwaters down to the
confluence with Crow Creek (Figure 1-1). In this zone, the topography is steeper and more
broken with floodplain width being more restricted. Woodland composition is dominated by bur
oak with the plains cottonwood and narrow leaf cottonwood occurring in relatively small
quantities. Some ponderosa pine occurs on the edge of the floodplain, near Crook City (Fox
Consultants, Inc., 1984a).

The second zone extends northwards along Whitewood Creek and then eastward along the Belle
Fourche River. Basic vegetation characteristics change in response to elevation and topography.
The reduced gradients and lower elevations downstream of the Whitewood Creek-Crow Creek
confluence encourage an increase in the occurrence of American elm, box elder, green ash, and a
decrease in importance of bur oak. Cottonwoods and willow attain greater frequency as the
transition occurs from the broken terrain of the foothills to the relatively level terrain of the
plains. Plains cottonwood and willow dominate the riparian woodlands, with the comparative
abundance of willow and cottonwood depending on local hydrology. Russian olive appears as a
minor species upstream becoming increasingly more prevalent downstream (Fox Consultants,
Inc., 1984a). Seedlings and saplings of the over story species typically dominate under story
vegetation. Snowberry was a common shrub and perennial grasses were the prevalent ground
cover. Dominant grasses included blue grass, wheatgrass, smooth brome, and prairie cordgrass
(Fox Consultants, Inc., 1984a).

The riparian corridor along the Belle Fourche River is more fragmented than Whitewood Creek
due to more intense agricultural activities. Fields adjacent to the river are used for crops (alfalfa,
corn, and hay), or for rangeland used for livestock grazing. Over-grazing by livestock (cattle and
sheep) was apparent along some stream stretches (Fox Consultants, Inc., 1984a). Consequently,
the riparian understory is less well developed, tree size is greater, fewer species are present, and
the overhead tree canopy is more open. Cottonwood, willow, Russian olive, green ash, and box
elder are the primary overstory and understory species (Fox Consultants, Inc., 1984a).

Although some tailings deposits remain barren, it is reported that a plant community with limited
diversity has gradually colonized the tailings (USEPA, 1990a). The barren areas have been

2-7



invaded by rhizomatous grasses, forbs and small shrubs (USEPA, 1989a). Succession appears to
begin when grasses take root in leaf litter trapped in depressions in the surface of the tailings.
Some trees in the tailings deposits have been dated at over 100 years old (Batt, 1988).

2.5.3 Aquatic Ecology

Herricks (1982) characterized Whitewood Creek as flowing through three ecological zones. The
upper third of the creek was described as a cold, fast-flowing water with the fish community
dominated by cold-water species. The middle third of the creek (corresponding to the upper half
of the former NPL Site) was described as a transitional area where the water becomes warmer
and has more pools and riffles, providing a transition to more warm-water species. The lower
third of the creek (corresponding to the lower half of the former NPL Site) runs onto a
low-gradient landscape before emptying into the Belle Fourche River, and is dominated by
warm-water fish species. The Belle Fourche River in the study area is relatively wide, low
gradient stream, with somewhat less riparian development.

The identity and density of aquatic species in Whitewood Creek have been investigated by
Chadwick and Associates (1990a,1990b, 2001) and by Knudson (2001a, 2001b). Both
investigators performed surveys of the periphyton, benthic, and fish communities present at
multiple locations and multiple times along Whitewood Creek. While the number of species and
density of individuals varied between studies and as a function of time and location, both series
of surveys indicate that Whitewood Creek usually contains a diverse community of aquatic
species.

The periphyton community is usually characterized by about 30-50 species of algae (Knudson,
2001a, 2001b; Chadwick and Associates, 1990a,1990b). These are predominately diatoms, but
some filamentous algae are also present (Chadwick and Associates, 1990a,1990b).

The benthic community in Whitewood Creek is generally characterized by about 40-70 different
taxa of invertebrates (Chadwick and Associates, 1990a,1990b, 2001; Knudson 2001a, 2001b).
These are mainly aquatic insects (including representatives of each of five different feeding
groups), along with some worms, clams and snails (Knudson 2001a, 2001b).

A total of 15 different fish species have been reported to occur in Whitewood Creek, with the
most common being brown trout, brook trout, white sucker, mountain sucker, and several species
of minnows (longnose dace, creek chub, flathead chub, sand shiner, and fathead minnow)
(Chadwick and Associates, 1990a,1990b, 1997, 2001; Knudson, 2001a, 2001b). Age class
analysis of brown trout populations suggest this species is reproducing naturally (Knudson
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2001a, 2001b). Table 2-2 summarizes the fish species that have been observed in Whitewood
Creek and the Belle Fourche River.

Section 6 employs the data from these studies as part of a weight-of-evidence evaluation of the
potential impacts which mining related wastes and releases may be having on the aquatic
community.

2.5.4 Terrestrial Ecology

Amphibians and Reptiles

Systematic surveys of amphibians and reptiles within the study area are not available. Harner
and Associates (1990a and 1990b) and Knowles (1996a) provide information on incidental
observations of amphibian and reptile species made during surveys for birds and mammals. The
amphibian and reptile species observed within the Whitewood Creek study area are listed in
Table 2-3.

Birds

Bird surveys have been completed at the site by Harner & Associates (1990a and 1990b) and by
Knowles (1996b). The surveys included information from multiple observation stations
established in riparian habitat along Whitewood Creek and in grassland habitat adjacent to
Whitewood Creek. Avian species observed during these surveys are listed in Table 2-4.

Mammals

Wildlife surveys completed in the fall of 1996 included small mammal live trapping, pit traps,
examination of pellet group transects, night-time spotlighting for deer, and general observations.
The mammalian species identified during these surveys as well as those species previously
identified in 1989 and 1990 (Harner & Associates, 1990a and 1990b) are listed in Table 2-5.

2.5.5 Rare, Endangered and Threatened Species
Knowles (1996a) identified 12 Federal and South Dakota State listed threatened and endangered
vertebrate wildlife species that could potentially occur in Whitewood Creek site. Only one

species, the bald eagle, is documented occur in the site. Table 2-6 lists the species along with
their respective state and federal status.
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3.0 PROBLEM FORMULATION

Problem formulation is a systematic planning step that identifies the major factors to be
considered in the ERA (USEPA, 1997a). Problem formulation usually begins by development of
a conceptual site model that identifies sources of chemical release to the environment, evaluates
the fate and transport of chemicals in the environment, and identifies exposure pathways of
potential concern for ecological receptors. Based on the conceptual site model, assessment
endpoints and testable hypotheses are identified that form the basis of the ERA.

As discussed in USEPA guidance (USEPA, 1997a), problem formulation is an iterative process,
undergoing refinement as new information and findings become available. The problem
formulation for this baseline ecological risk assessment began with a screening-level ecological
risk assessment (SERA) that was completed for the site in October, 1998 (ISSI, 1998). The
purpose of the SERA was to determine if there was a need for additional data collection and/or
additional risk assessment at the site, and to help focus any additional effort on the main issues
of concern. Because a SERA is intentionally simplistic and conservative, it is not intended to
support any final quantitative conclusions about the magnitude of the potential ecological risks
identified. The following section summarizes the main findings of the SERA, which in turn help
define the problem formulation for the baseline risk assessment.

3.1 Summary of Screening Ecological Risk Assessment (SERA)

Primary Sources

The primary sources that were evaluated in the SERA were tailings that exist along the banks of
Whitewood Creek, as well as chemicals that exist in the water and sediment of the Creek.

Chemicals of Potential Concern

The main chemicals of potential concern at mining sites are inorganics, including metals in the
ore that is mined and processed, as well as chemicals that are used to extract metals from the ore.
The following chemicals were selected for evaluation in the SERA:

. Arsenic . Lead

. Cadmium . Mercury
. Chromium . Nickel

. Copper . Selenium
. Cyanide . Zinc
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Ecological Receptors of Potential Concern

Ecological receptors evaluated in the SERA included aquatic species (fish and benthic
macroinvertebrates) residing in Whitewood Creek, and terrestrial receptors (plants, soil
invertebrates, birds, wildlife) that reside in the riparian zone adjacent to Whitewood Creek.

Exposure Pathways Evaluated

Exposure pathways that were quantitatively evaluated in the SERA included:

. Direct contact of aquatic receptors (fish, BMI, periphyton) with surface water

. Direct contact of BMI with sediment

. Direct contact of terrestrial plants with soil

. Direct contact of soil invertebrates with soil

. Ingestion of surface water, sediment, soil by avian and mammalian wildlife

. Ingestion of food items (fish, BMI, terrestrial plants, soil invertebrates) by avian and

mammalian wildlife

Summary of Screening-Level Risk Findings

A summary of the screening level risk findings presented in the SERA is provided in Table 3-1.
Based on the preliminary risk characterization in the SERA, none of the exposure pathways
considered in the SERA could be excluded, and further evaluation was recommended for all
exposure pathways.

Summary of Data Gaps

The SERA identified a number of data areas where additional information was needed to help
improve the reliability and accuracy of the risk assessment. A summary of these data gaps and
recommendations for data collection activities is provided in Table 3-2. These data gaps were
considered in the development of a field sampling Quality Assurance Work Plan (QAWP) (ERT,
1999a) and Data Quality Objectives (DQOs) (ERT, 1999b).

3.2 Baseline Risk Assessment Site Conceptual Model

Figure 3-1 presents the conceptual model for the baseline ecological risk assessment. Because
no pathways could be excluded as a result of the SERA, this site model is very similar to the site
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model that was developed for the SERA. The main features of the conceptual model are
summarized below.

Sources and Transport Pathways

As described previously, the historical release of tailings directly to Whitewood Creek resulted
in their deposition as bed sediments and overbank and floodplain deposits along Whitewood
Creek and the Belle Fourche River. Tailings deposited as bed sediments may release chemicals
to the overlying surface water and interstitial pore water. Tailings deposited in overbank and
floodplain soils may leach chemicals to groundwater which could be transported to surface
waters and seeps. Overbank tailings deposits may also collapse and erode into the stream,
resulting in on-going release of chemicals on suspended particles to surface water and sediments.
Chemicals that are present in surface waters, sediments, and soil may be accumulated within the
aquatic and terrestrial food chains, leading to exposure of higher trophic level predators. In
addition to historical tailings releases, in recent years several accidental slurry releases have also
occurred. These releases resulted in the discharge of heavy metals and cyanide directly into
Gold Run Creek which drains into Whitewood Creek.

Potential Receptors and Exposure Pathways

Receptors identified for this assessment are the same as for the SERA, and include aquatic
receptors (aquatic plants, BMI and fish), amphibians (aquatic life stage), terrestrial receptors
(terrestrial plants, soil and terrestrial invertebrates), and wildlife receptors (terrestrial
insectivores, herbivores, carnivores, omnivores, aquatic insectivores, and piscivores). These
receptors may be potentially exposed to chemical contamination via one or more exposure media
(Figure 3-1), including surface water, sediment, sediment pore water, seeps, aquatic food items,
surface soil, and terrestrial food items. However, not all exposure pathways are of equal concern
and not all require detailed evaluation. The following identifies which pathway are of chief
concern at this site and which were selected for quantitative evaluation.

Aquatic Receptors
. The main pathway of exposure for all aquatic receptors is direct contact with surface
water. This pathway was evaluated quantitatively for fish, benthic invertebrates,

periphyton, and amphibians.

. Direct contact with sediment and porewater is a potentially significant pathway for
benthic macroinvertebrates. Data are available to allow an assessment of risks from
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direct contact with sediment, and this pathway was evaluated quantitatively. However,
no authentic samples of porewater are available from the site, so this pathway was not
evaluated quantitatively. Other aquatic receptors have much less direct contact with
sediment, and exposure to this medium is considered minor or negligible for fish,
periphyton and amphibians.

. Ingestion of aquatic food web items is a pathway of potential concern for fish, benthic
invertebrates, and amphibians. Likewise, incidental ingestion of sediment and water by
these receptors might occur in some case. Quantitative evaluation of oral exposure of
aquatic receptors is usually limited by lack of oral toxicity values for aquatic receptors,
but sufficient data are available to support a screening-level evaluation of risks from
ingestion of food web items and sediment by fish.

Terrestrial Plants and Soil Invertebrates
. The primary exposure pathway for both terrestrial plants and soil invertebrates is direct

contact of with contaminated soils. This pathway was evaluated quantitatively for both
receptors. For soil invertebrates, this evaluation includes both direct contact and soil

ingestion.

Wildlife Receptors

. Wildlife receptors (birds, mammals) may be exposed to COPCs by ingestion of surface
water (either from the stream or from seeps), and this pathway was evaluated
quantitatively.

. Wildlife receptors (birds, mammals) may be exposed to COPCs by ingestion of food web

items (either from the terrestrial environment and/or from the aquatic environment), and
this pathway was evaluated quantitatively.

. Few wildlife receptors intentionally ingest soil or sediment, but many ingest these
materials feeding, especially for soil- or sediment-dwelling prey items. This pathway can
be important in some cases and was evaluated quantitatively.

. Direct contact (i.e., dermal exposure) of wildlife receptors to soils, sediments, surface

water, and seeps may occur in some cases, but these exposures are judged to be minor in
comparison to risks from ingestion exposure, and are not evaluated quantitatively.
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. Inhalation exposure airborne dusts is possible for all terrestrial receptors. However, this
pathway is generally very minor for non-volatile chemicals such as metals, and was not
evaluated quantitatively.

3.3 Selection of Terrestrial Indicator Species

It is not feasible to evaluate exposures and risks for each avian and mammalian species
potentially present within the site. For this reason, specific wildlife species are identified as
surrogates (representative species) for the purpose of estimation of exposure and risk in the
ERA. The surrogate species are wildlife species present within the Site area that are
representative of other species with similar dietary preferences and feeding guilds. Selection
criteria for wildlife surrogate species include trophic level, feeding habits, and the availability of
life history information. The species identified as surrogate species at this site include:

Masked shrew (Sorex cinereus). The masked shrew represents mammalian
insectivorous species that feed primarily on soil invertebrates.

American robin (Turdus migratorius). The American robin represents avian
insectivorous passerine species that feed primarily on soil invertebrates.

Deer mouse (Peromyscus maniculatus). The deer mouse represents omnivorous
mammalian species that feed primarily on plants, terrestrial insects, and soil

invertebrates.

Meadow Vole (Microtis pennsylvanicus). The meadow vole represents herbivorous
mammalian species that feed on terrestrial plants at the site.

Cliff swallow (Petrochelidon pyrchonota). The cliff swallow represents avian
insectivorous species within the Whitewood Creek Site that feed on flying insects.

Belted kingfisher (Ceryle alcyon). The belted kingfisher represents piscivorus avian
species that feed primarily on fish.

Mink (Mustela vison). The mink represents mammalian species that feed primarily on
aquatic receptors (aquatic invertebrates and fish).

Red fox (Vulpes vulpes). The red fox represents mammalian species that feed on
terrestrial vertebrates (small mammals).
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American kestrel (Falco sparverius). The American kestrel represents avian species
that feed on terrestrial vertebrates (small mammals).

Great Horned Owl (Bubo virginianus). The great horned owl represents avian species
that feed on terrestrial vertebrates (small mammals).

American Dipper (Cinclus mexicanus). The American dipper represents avian species
that feed primarily on aquatic invertebrates.

Exposure profiles are presented for each of these representative species in Appendix B.
34 Selection of Chemicals of Potential Concern

Chemicals of Potential Concern (COPCs) are chemicals which exist in the environment at
concentrations that might be of potential concern to ecological receptors, and which are derived,
at least in part, from site-related sources.

The procedure used to select COPCs for this ERA is presented schematically in Figure 3-2. The
selection procedure was similar for aquatic and wildlife receptors, except that risks from
beneficial minerals such as sodium, potassium, iron, and calcium were not considered for
wildlife receptors (since wildlife receptors have efficient homeostatic mechanisms to control the
absorption of these minerals), but were considered for aquatic receptors.

The screening procedure was applied to surface water, sediment, and soil for each of the
exposure scenarios of concern, as described in the site conceptual model. In brief, if there was
no toxicity information to evaluate the potential effects of the chemical, the chemical was
assigned to the “Qualitative COPC" category (Type 1). Chemicals that have an appropriate TRV
but were detected in less than 5% of the samples from a medium (surface water, sediment, soil)
were usually excluded from further consideration, since chemicals that are rarely detected at a
site are not likely to be site-related. However, if the detection limit for a chemical was too high
to expect detection of the chemical if it were present at a level of concern, the chemical was
assigned to the “Qualitative COPC” category (Type 2). If a TRV was available for a chemical
and the maximum detected value of the chemical (from anywhere on the site) was less than the
TRYV, it was concluded that the chemical does not occur at a level of potential concern and was
not evaluated as a COPC. If the maximum detected value did exceed the TRV, then the
chemical was evaluated quantitatively. It should be noted that this selection procedure is
intended to be conservative; that is, the selection procedure is intended to eliminate only those
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chemicals that are clearly not of potential ecological concern, and to carry forward those
chemicals that might be of concern.

For surface water, the concentration values evaluated included measurements of dissolved metals
and weak acid dissociable (WAD) cyanide for aquatic receptors and total recoverable metals and
cyanide for wildlife receptors. The TRVs used to evaluate surface water and sediment are
described in detail in Section 6.0. In brief, surface water risks to aquatic receptors were
evaluated using the chronic Ambient Water Quality Criteria (AWQC) established by USEPA. In
cases where the chronic AWQC is hardness dependent (as it is for most metals), a hardness of
200 mg/L was assumed, since most values measured at the site are at or above this level.

Surface water risks to wildlife were evaluated using water benchmark values established by
Sample et al. (1996). Sediment risks to aquatic receptors were evaluated using the sediment
quality criteria established by McDonald et al. (2000) or by Ingersoll et al. (1996), and
sediment/soil risks to wildlife from ingestion were evaluated using the dietary benchmarks
established by Sample et al. (1996). Risks to terrestrial receptors from direct contact with soils
were based on plant and soil organism toxicity benchmarks detailed in Section 7.0. The results
of the COPC selection procedure are detailed in Appendix C and are summarized in Table 3-3.

3.5 Assessment Endpoints, Testable Hypotheses, and Measurement Endpoints

Assessment endpoints are explicit statements of the characteristics of the ecological system that
are to be protected. Assessment endpoints either are measured directly or are evaluated through
indirect measures. Measurement endpoints represent quantifiable ecological characteristics that
can be measured, interpreted, and related to the valued ecological components chosen as the
assessment endpoints (USEPA, 1992; USEPA, 1997a).

The assessment endpoints and testable hypotheses for this site were initially developed as part of
the data collection effort that was planned and performed to address the data needs identified by
the SERA (ERT, 1999a), and were later modified or combined during the preparation of the risk
assessment. The assessment endpoints were identified based on the habitat types present, the
type of contaminants, and the potentially present species. For each assessment endpoint, there
are testable hypotheses and proposed measurement endpoint(s) (measures of exposure and
effects).

A summary of the assessment endpoints, testable hypotheses, and measurement endpoints is
given in Table 3-4. The following sections provide a more detailed discussion of each.
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3.4.1 Stream Viability and Function

The structure and function of streams is important as they provide exclusive habitat for many
species of plants and animals. Streams also process energy, organic matter, and nutrients. Biota
utilizing the stream corridor rely extensively on the resources (i.e., forage) provided by the
stream to support survival, growth, and reproduction. The BMI community of small streams
plays a key role in stream ecosystem functions such as nutrient cycling and organic matter
processing. Benthic organisms are also important food resources for other aquatic invertebrates
and fish, as well as birds and mammals. The testable hypotheses and specific measurement
endpoints for this assessment endpoint are provided in Table 3-4.

3.4.2 Riparian Floodplain Function and Viability

The structure and function of the stream corridor is important as it provides a significant portion
of the energy, organic matter, and nutrient inputs to the stream. Stream corridors usually provide
high quality edge habitat for a variety of relatively sedentary birds, reptiles, amphibians, and
mammals, which in turn rely on the stream to forage. The sedentary species that generally
congregate near streams due to habitat and food availability are often preyed upon by more
far-ranging species. The goal for this particular assessment endpoint is to identify if the riparian
habitat on-site is significantly degraded relative to reference.

Specifically, the terrestrial rooted vascular plant community provides many functions including:
erosion prevention (both water and wind), promotion of rainwater percolation, restriction of
sheet water flow leading to reduced flooding potential, provision of nesting and cover habitat for
wildlife, production of energy via photosynthesis, production of organic mater input (energy) to
streams and soil systems, and reduction of surface wind velocity.

The soil invertebrate community plays a key role in nutrient cycling and organic matter
processing. This community is also an important food resource for the terrestrial organisms
including insectivorous small mammals and birds. The habitat within the on-site area has been
modified substantially as a result of the direct deposition of waste materials containing
contaminants and the indirect translocation of the contaminants by erosion processes. As a
direct result, the soil structure has been modified through erosion and disruption of
geomorphological processes. The high degree of habitat-specificity and the sedentary nature of
soil invertebrates suggest a high potential for exposure. The testable hypotheses and specific
measurement endpoints for this assessment endpoint are provided in Table 3-4.
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3.4.3 Viability of Insectivorous Wildlife

This assessment endpoint provides for the protection of insectivorous wildlife to insure that
ingestion of contaminants in soil invertebrates, soil, and surface water does not have a negative
impact on growth, survival, and reproductive success. Insectivorous birds and bats are important
in the control of populations of emerging aquatic insects. Insectivores are important in nutrient
processing and energy transfer between the aquatic and terrestrial environment, as well as within
the terrestrial environment. The testable hypotheses and specific measurement endpoints for this
assessment endpoint are provided in Table 3-4.

3.4.4 Viability of Herbivorous/Omnivorous Wildlife

This assessment endpoint provides for the protection of herbivorous and omnivorous wildlife to
insure that ingestion of contaminants in plants, terrestrial invertebrates, soil, and surface water
does not have a negative impact on growth, survival, and reproductive success. Herbivorous and
omnivorous birds and mammals are important in nutrient processing and energy transfer within
the terrestrial environment. The testable hypotheses and specific measurement endpoints for this
assessment endpoint are provided in Table 3-4.

3.4.5 Viability of Carnivorous Wildlife

This assessment endpoint provides for the protection of carnivorous wildlife to insure that
ingestion of contaminants in small mammals, soil, and surface water does not have a negative
impact on growth, survival, and reproductive success. Avian carnivores are important in the
control of rodents and other small mammals with high reproductive capacities. The SERA (ISSI,
1998) pointed to a possible risk to lower trophic level organisms (i.e. avian insectivores and
small mammals) indicating the need to evaluate risks for higher level predators. The testable
hypotheses and specific measurement endpoints for this assessment endpoint are provided in
Table 3-4.

3.4.6 Viability of Aquatic Insectivorous Wildlife

This assessment endpoint provides for the protection of aquatic insectivorous wildlife to insure
that ingestion of contaminants in benthic invertebrates, sediment, and surface water does not
have a negative impact on growth, survival, and reproductive success. Insectivorous birds and
bats are important in the control of populations of emerging aquatic insects. Insectivores are
important in nutrient processing and energy transfer between the aquatic and terrestrial
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environment, as well as within the terrestrial environment. The testable hypotheses and specific
measurement endpoints for this assessment endpoint are provided in Table 3-4.

3.4.7 Viability of Aquatic Piscivorous Wildlife

This assessment endpoint provides for the protection of piscivorous wildlife to insure that
ingestion of contaminants in fish, sediment and surface water does not have a negative impact on
growth, survival, and reproductive success. The testable hypotheses and specific measurement
endpoints for this assessment endpoint are provided in Table 3-4.

3.4.8 Viability of Amphibian Community

This assessment endpoint provides for the protection of the amphibian community to insure that
exposure to contaminants in surface water, sediment, soil, and food does not have a negative
impact on growth, survival, and reproductive success. The diversity, density, and the
reproductive success (i.e. embryonic mortality) of an amphibian community has been shown to
be a sensitive indicator of environmental stress. The lack of amphibian data available for
predictive exposure and toxicity reference value derivation in the SERA (ISSI, 1998) indicated
the need to further evaluate this community in the baseline assessment. The testable hypotheses
and specific measurement endpoints for this assessment endpoint are provided in Table 3-4.
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4.0 INVESTIGATIONS CONDUCTED SINCE THE SERA

The SERA identified a number of data gaps where additional information was needed to help
improve the reliability and accuracy of the risk assessment. A summary of these data gaps and
recommendations for data collection activities was provided previously in Table 3-2. Several
field investigations, site-specific toxicity evaluations, and community surveys were conducted
between 1998 and 2001 that provide data which help address these data gaps. A summary of
each of these investigations is provided in the following sections.

4.1 USEPA ERT Field Investigations

In February of 1999, the USEPA Environmental Response Team Center (USEPA/ERT) and
USEPA Region 8 prepared a workplan which specified the data to be collected in response to the
data gaps identified in the SERA and necessary for the completion of an evaluation of the
baseline ecological risk assessment. The specific work plans for the aquatic and terrestrial field
studies are contained in the February 1999 Quality Assurance Work Plan (QAWP) (ERT,
1999a).

In June 1999, a supplemental work plan was written to provide clarifications of the original work
scope presented in the February 1999 QAWP. Modifications and/or amendments were made
concerning the terrestrial sampling locations, soil sampling, terrestrial plant sampling, soil
invertebrate sampling, small mammal trapping, toxicity evaluations, and amphibian survey
(ERT, 1999b). This supplemental work plan also included an explicit outline of the Data Quality
Objectives (DQOs) for the field investigations.

The aquatic and terrestrial field sampling were conducted in March and August 1999. A
description of the study design and sampling locations for each field sampling event is provided
below.

USEPA ERT Aquatic Field Study

The aquatic field sampling was completed during March 1999 with the initial results and
evaluation of results provided in draft report issued in September 1999 (ERT, 1999c). The
report was finalized in March 2001 (USEPA, 2001a).

The aquatic site included Whitewood Creek from Englewood, SD, north approximately

twenty-nine miles to the terminal confluence with the Belle Fourche River. A portion of the
Belle Fourche River immediately upstream and downstream of the Whitewood Creek confluence
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and a site on Spearfish Creek were also evaluated. A total of 12 sampling locations were

identified along Whitewood Creek, the Belle Fourche River, and Spearfish Creek. Sampling

locations were established in streams impacted by the discharge of tailings from Homestake

Gold Mine or to establish reference locations. These locations were situated in areas exhibiting

similar habitat characteristics including substrate composition, riparian vegetation, topographic

relief, channel morphology, flow velocity, watershed features, and land use.

The sample locations were assigned a number sequentially starting from the upstream extent of

the site. Reference areas were denoted by the insertion of an "R" in the station ID (e.g.,

WWC-R-01). Sampling stations are presented in Figure 4-1.

WWC-R-01

WWC-02

WWC-03

WWC-04

WWC-05

WWC-06

Whitewood Creek approximately 29 miles upstream of the confluence
with the Belle Fourche River, Englewood, SD, upstream of the Homestake
Gold Mine, 44 17.77N, 103 47.08W (Reference for stations WWC-02 and
WWC-03).

Whitewood Creek approximately 24 miles upstream of the confluence
with the Belle Fourche River, Pluma, SD, upstream of the confluence with
Gold Run Creek, 44 21.48N, 103 44.40W.

Whitewood Creek approximately 24 miles upstream of the confluence
with the Belle Fourche River, Pluma, SD, downstream of the confluence
with Gold Run Creek, 44 21.62N, 103 44.33W.

Whitewood Creek approximately 16.8 miles upstream of the confluence
with the Belle Fourche River, at Crook City, downstream of bridge,
downstream of the Homestake Gold Mine, 44 26.46N, 103 37.57W (e.g.
beginning of former NPL site).

Whitewood Creek approximately 14.4 miles upstream of the confluence
with the Belle Fourche River, at Bighorn Road, upstream of bridge,
downstream of the Homestake Gold Mine, 44 31.02N, 103 36.26W.

Whitewood Creek approximately 11.2 miles upstream of the confluence
with the Belle Fourche River, Berger Seep, downstream of the Homestake
Gold Mine; 44 33.03N, 103 32.89W.
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WWC-07 Whitewood Creek approximately 8 miles upstream of the confluence with
the Belle Fourche River, at 194th Street, upstream of bridge, downstream
of the Homestake Gold Mine; 44 35.30N, 103 31.72W.

WWC-08 Whitewood Creek approximately 1.2 miles upstream of the confluence
with the Belle Fourche River (Siphon Area), downstream of the
Homestake Gold Mine; 44 36.80N, 103 29.13W.

WWC-09 Whitewood Creek approximately 0.75 miles upstream of the confluence
with the Belle Fourche River (Keiry Property), downstream of the
Homestake Gold Mine; 44 38.10N, 103 27.14W.

BFR-R-10  Belle Fourche River approximately 1 mile upstream of the Whitewood
Creek confluence; 44 40.13N, 103 29.20W (Reference for station BFR-
11).

BFR-11 Belle Fourche River approximately 1 mile downstream of the Whitewood
Creek confluence; 44 38.35N, 103 25.55W.

SPC-R-12 Spearfish Creek approximately 4 miles upstream of the confluence with
the Redwater River; 44 35.50N, 103 52.98W (Reference for stations
WWC-04 through WWC-09).

It is important to note that the March 1999 sampling location WWC-R-01 was subsequently
identified as a former turnaround point for a rail line and consequently had elevated metals
concentrations in soils. For the purposes of the baseline ERA, the March WWC-R-01 location is
referred to as “WWC-R-01 M” to distinguish it from the August reference “WWC-R-01 A”. The
August WWC-R-01 reference location was approximately 100 meters downstream of the March
location. Table 4-1 provides a synopsis of the types of data that were collected during the
aquatic field investigation.

USEPA ERT Terrestrial Field Study
The terrestrial field sampling began in March 1999 and was completed during August 1999 with

preliminary results and evaluation provided in a draft February 2000 report. The final results
were presented in a February 2001 report (USEPA, 2001b).
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The terrestrial field site and sampling locations are the same as that identified for the aquatic
study. However, stations WWC-02, WWC-03, WWC-04 and BFR-11 were not sampled for the
terrestrial investigation. Station WWC-07 was chosen because of its large tailings deposits
exposed at the surface and was selected to represent a soil matrix dominated by tailings material
(USEPA, 2001a). A map of the sampling locations was presented previously in Figure 4-1.
Table 4-2 summarizes the types of data that were collected during the terrestrial field
investigation.

4.2 Seep Studies

Groundwater movement through the tailings deposits in the Whitewood Creek valley enter the
Creek at various seeps along its downstream course to the Belle Fourche River. In 1998, a
survey of the existing seeps along Whitewood Creek and the Belle Fourche River was
conducted. The location of each identified seep is presented in Figure 4-2. A total of 45 seeps
were identified on Whitewood Creek and 7 on the Belle Fourche River.

In order to determine the potential hazard to aquatic life in Whitewood Creek posed by
contaminants in seep water, ambient concentrations of contaminants in seep waters were tested
to assess their biological affects on young fish (USGS, 2000). The purpose of this study was to
determine if exposure of larval fathead minnow (Pimephales promelas) to water from various
seeps in Whitewood Creek affects their survival (USGS, 2000). The fathead minnow was
selected as the test species because it is a commonly tested warm water fish, and the lower

Whitewood Creek where the test seeps were located is a relatively warm water habitat (USGS,
2000).

Five seeps (23R, 23L, 31L, 32L, and 33L) were selected from a total of 52 seeps identified in a
previous study conducted by the USFWS and SDGFP. These seep locations are presented in
Figure 4-3 (USGS, 2000 report Figure 1). The selection of the seeps was based on a
combination of measurable flow, visual precipitate, seep draining tailings, and the potential risk
to fish and wildlife resources. Water was collected at three locations for each seep; Whitewood
Creek above the seep, at the seep, and Whitewood Creek below the seep in the mixing zone.
Reference water was used as the control treatment and was a blended water that simulated
Whitewood Creek water (hardness of 668 mg/L as CaCO3). The reference water was well water
from Gavins Point National Fish Hatchery in Yankton, South Dakota, which was blended with
deionized water.

A total of 16 water samples, 5 seeps with 3 sample locations per seep and the reference sample,
were tested for acute toxicity (96 hour exposure) to larval stage fathead minnows. Test water
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was renewed after 24, 48 and 72 hours of exposure. Fish survival and abnormal behavior were
recorded and the end of each 24 hour exposure period. After the 96 hour exposure, fish were
measured for total length and weight. Acute toxicity results for the fathead minnow from
exposure to seep waters will be presented and discussed in further detail in Section 6.0.

4.3 Aquatic Community Evaluations

In addition to the aquatic habitat evaluation performed by ERT during the March 1999 Aquatic
Field Investigation, several other evaluations of fish, benthic, and periphyton communities are
also available.

Knudsen (2001a, 2001b) performed field surveys of fish, benthic, and periphyton populations at
five stations along Whitewood Creek. Surveys were conducted in the spring (June) and fall
(September) of 1998, 1999, and 2000. One station was located 400 meters upstream of Gold
Run Creek, and was used as a reference station. The other four stations were located at 600,
1300, 4200, and 6000 meters downstream of Gold Run Creek. The main purpose of these
studies was to assess the consequences of an accidental slurry release that occurred in May,
1998.

Chadwick Ecological Consultants, Inc. (2001) performed habitat assessments and surveys of
fish, benthic, and periphyton populations along Whitewood Creek and Spearfish Creek in 1999
and 2000. Four stations were studies on Whitewood Creek, all between the confluence with
Gold Run Creek and the Belle Fourche River. The site of Spearfish Creek was about 6.5km
above the Redwater River, and was sampled because it was considered to be a potential
reference stream.

The results of these studies are described and are utilized in the weight of evidence evaluation
presented in Section 6.0.

4.4 Terrestrial Community Evaluations

In 1997, swallow nest boxes were placed at the Whitewood Creek Siphon (WWC-08) and the
Kiery property (WWC-09) as well as a reference location on Bear Butte Creek in the Black Hills
and the North Platte River near Casper, Wyoming (Custer, 1997). Each box was visited
regularly during the nesting period and the number of eggs or young present were recorded.
Samples of the eggs, carcasses, liver, and diet of the nestlings were collected and analyzed for
arsenic content.
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5.0 DATA EVALUATION AND USABILITY

Previous and current investigations and site monitoring of the Whitewood Creek Site were
reviewed for the availability of reliable and relevant analytical and biological data that could be
used in the baseline ERA. Because the purpose of the risk assessment is to evaluate potential
hazards from current site conditions, only data from 1990 and later were employed.

Table 5-1 provides a summary of the available studies and the types of data provided. Sections
5.1 to 5.6 provide a more detailed description of the available data for surface water, sediment,
sediment pore water, seeps, floodplain soils, and biological tissue, respectively. These data
characterize the nature and extent of chemical contamination and biological effects for the
Whitewood Creek Site. Analytical results for all media are provided electronically in Appendix
D.

5.1 Surface Water

Surface water data at the Whitewood Creek Site are available from three sources: United States
Geological Survey (USGS) gaging stations, South Dakota Department of Environment and
Natural Resources (SDDENR) surface water quality monitoring (WQM) stations, and the
USEPA ERT aquatic field investigation. Each of these sources is discussed briefly below.

United States Geological Survey. Surface water data are available from two USGS gauging
stations along Whitewood Creek.

06436180 - Whitewood Creek above Whitewood
06436198 - Whitewood Creek above Vale

Station 06436180 (Whitewood Creek above Whitewood) is reported to have moderate-to-high
bed slopes with briskly running water and represents the upstream boundary conditions to the
Whitewood Creek site (USEPA, 1989a). This portion of the creek also represents the
downstream end of the cold water aquatic habitat (USEPA, 1989a). Station 06436198
(Whitewood Creek above Vale) is just above the confluence of Whitewood Creek and the Belle
Fourche River. This portion of the creek is reported to represent the transition zone between the
cool and warm water aquatic habitats (USEPA, 1989a). The location of these stations is
provided on Figure 4-1.

Samples are collected four times per year; in May (peak snowmelt), Fall (low stream flow),
Winter (before ice forms), and during a high precipitation event. Samples are integrated both
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vertically and horizontally in the water column. Samples are analyzed for total recoverable and
dissolved inorganics, and several stream and water quality parameters (i.e., flow, alkalinity,
hardness, pH).

Samples are also analyzed for cyanide using a dissolved cyanide method. Until the mid-1980's,
USGS had used USEPA Method 335.4 (Determination of Total Cyanide by Semi-Automated
Colorimetry EPA/600/R-93/100) for total cyanide. During the mid-1980's, USGS began using
USGS Lab method #1230285 for "dissolved" cyanide. This dissolved method appears to use the
same acid extraction as that for total cyanide, but is performed on field filtered samples.
Because the acid digestion extraction is the same as that for total cyanide, these dissolved results
are representative of total cyanide.

Surface water data for these USGS gaging stations were obtained electronically from the USEPA
Storage & Retrieval (STORET) database system on February 22, 2001. At the time of the
download, electronic results were available for USGS stations through September 1999.

Selected data collected through September 2000 were manually entered from the South Dakota
Water Resource Reports for 2000 and 2001.

South Dakota Department of Environment and Natural Resources. Six South SDDENR water
quality monitoring stations are located on Whitewood Creek. These sampling stations are shown
in Figure 4-1.

460686 - Whitewood Creek above Gold Run Creek

460122 - Whitewood Creek at Hwy 85 Bridge SW of Deadwood
460123 - Whitewood Creek % mile above Lead WWTF

460685 - Whitewood Creek at Deadwood

460684 - Whitewood Creek at Crook City

460682 - Whitewood Creek above the Belle Fourche River

Grab samples are collected four times per year; in Spring, Summer, Fall, and Winter. Samples
are analyzed for total recoverable and dissolved inorganics, and several stream and water quality
parameters (i.e., flow, alkalinity, hardness, pH). Samples are also analyzed for cyanide using
both a total and weak acid dissociable (WAD) extraction. Collocated total and WAD cyanide
data are available mostly in recent years (approximately 1998 to 2001), and the ratio of total
cyanide to WAD cyanide typically ranges between 2 and 5.

Surface water data for these SDDENR WQM stations were obtained electronically from the
USEPA Storage & Retrieval (STORET) database system on February 22, 2001. At the time of
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the download, electronic results were available for SDDENR stations through May 1998. Data
for total and WAD cyanide collected through December 2001 were manually entered from the
hard copy analytical laboratory Form I sheets (as provided by Patrick Snyder, SDDENR).

It is important to note that the metal concentrations measured by SDDENR are usually lower
than those reported by USGS. This difference in concentrations could be related to differences
in sample collection methodologies (eg: grab sample vs. integrated sample).

USEPA ERT. During the aquatic field investigation conducted by ERT in March 1999, surface
water was collected from 9 sampling stations in Whitewood Creek (WWC-R-01 to WWC-09), 2
stations in the Belle Fourche River (BFR-R-10 and BFR-11), and 1 station on Spearfish Creek
(SPC-R-12). These locations were situated in areas exhibiting similar habitat characteristics
including substrate composition, riparian vegetation, topographic relief, channel morphology,
flow velocity, watershed features, and land use. The station locations were presented previously
in Figure 4-1.

Grab samples were collected at half the maximum depth from the middle of the channel, with the
exception of the Belle Fourche River locations. Due to depth and high flow rates in the Belle
Fourche River, surface water samples were collected from the river bank.

Surface water samples were analyzed for target analyte list (TAL) metals by three methods. The
results were reported as “total”, “filtered”, and “recoverable”. “Total” is equivalent to total
recoverable and “filtered” is equivalent to dissolved. “Recoverable” samples are similar to the
“filtered” samples (both are filtered through a 0.45 pm glass-fiber filter by a peristaltic
pump),but recoverable samples were acidified prior to filtration whereas filtered samples were
acidified after filtration. Unfiltered surface water samples from each station were also analyzed
for total cyanide. Stream parameters and water quality measurements, which may potentially
affect the speciation of metals, were also analyzed in the field at each sampling location.

5.2 Sediment

Although several studies have investigated bottom sediments from Whitewood Creek and the
Belle Fouche River, most of these reports evaluate sediments collected prior to 1990 (i.e.: USGS,
1990; Fox Consultants, 1984a). The aquatic field investigation conducted by ERT in March
1999 provides current information on bottom sediments in Whitewood Creek and the Belle
Fourche River.
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Sediment samples were collected from each of the ERT aquatic sampling stations from
representative depositional areas. Several collocated sediment grab samples were collected
using a hand trowel and homogenized prior to analysis. All samples were analyzed for TAL
metals and total cyanide (ERT, 2001a).

At six locations (WWC-06, WWC-08, WWC-09, BFR-R-10, BFR-11, SPC-R-12) additional
sediment samples were collected for simultaneously extracted metals (SEM) and acid volatile
sulfides (AVS) analysis as per procedures utilized by the Environmental Monitoring and
Assessment Program (EMAP) (USEPA 1993b; USEPA, 2001a). Due to the high gradient of the
upstream locations, very few areas of deposition existed, hence the areas downstream with less
gradient provided for possible sediment deposition and AVS formation. Five replicate cores
were collected per sampling location. One of the replicates was analyzed for SEM/AVS and the
remaining replicates were archived for possible future analysis. The SEM/AVS results will be
discussed further when evaluating the bioavailability of COPCs in sediment.

5.3 Porewater

Currently, there are no field-collected sediment pore water samples available for the Whitewood
Creek site. Measurements of TAL metals are available for the sediment supernatant which was
collected via centrifugation after completion of the ERT solid-phase sediment toxicity tests.
However, these samples may not be entirely representative of pore water conditions in situ, and
are used here mainly to help interpret the sediment toxicity results.

5.4 Seeps

Groundwater movement through the tailings deposits in the Whitewood Creek valley enter the
creek at various seeps along its downstream course to the Belle Fourche River (USGS, 2000).
Seeps and shallow groundwater along Whitewood Creek and the Belle Fourche River have been
studied by Hagler-Bailley (Hagler, 1998), the USGS (USGS, 2000), and USEPA ERT (USEPA,
2001Db).

In April 1998, a survey of the existing seeps along Whitewood Creek and the Belle Fourche
River was completed (Figure 4-2). A total of 45 seeps were identified on Whitewood Creek and
7 on the Belle Fourche River. At 33 seep locations, the pH, conductivity, and temperature were
recorded; where possible, flow readings were also recorded.

The USGS selected five seeps (23R, 23L, 31L, 32L, and 33L) previously identified in the seep
survey to conduct site-specific survival tests using larval fathead minnow (Pimephales
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promelas). These selected seep locations were presented previously in Figure 4-3. The selection
of the seeps was based on a combination of measurable flow, visual precipitate, seep draining
tailings, and the potential risk to fish and wildlife resources. Water was collected from three
locations for each seep; Whitewood Creek above the seep, at the seep, and Whitewood Creek
below the seep in the mixing zone. Seep samples were analyzed for TAL metals and several
water quality parameters.

Seep samples were also collected by ERT during the aquatic field investigation from along
Whitewood Creek at four sampling stations (WWC-06 through WWC-09). For stations on
Whitewood Creek, visible seeps were sampled. Samples were collected directly at the seep and
analyzed for total recoverable TAL metals plus molybdenum and boron (USEPA, 2001b).

5.5 Soils

Although several studies have investigated floodplain soils along Whitewood Creek and the
Belle Fourche River, most of these reports evaluate soils collected prior to 1989 (i.e.: Fox
Consultants, 1984a; USGS, 1988a,b). The baseline ERA has been restricted to soils data
collected since 1990 to better characterize current site conditions.

During March and August 1999, ERT collected surficial soil (0 to 8 centimeters below ground
surface) sites along Whitewood Creek (WWC-R-01, WWC-05 through WWC-09), the Belle
Fourche River (BFR-R-10), and Spearfish Creek (SPC-R-12) coinciding with the vascular plant
and small mammal collections during the terrestrial field investigations. In addition to the
surface soil, samples of tailings material were also collected at WWC-07 and WWC-09.
Individual grab samples were collected using a disposable plastic trowel or stainless steel trowel
or shovel. Grab samples were placed into a plastic bucket and homogenized prior to analysis.
All samples were analyzed for TAL metals and total cyanide analysis.

It is important to note that the samples collected during the March and August 1999 sampling
events were not taken from the exact same location. The August samples were collocated with
the small mammal and plant evaluations, rather than the previous corresponding March location.
The March samples consisted of one replicate per location, were at least five replicates were
collected in August.
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5.6  Biological Tissues
5.6.1 Benthic Macroinvertebrate Tissue

Three studies are available which provide data on chemical concentrations in benthic
invertebrates prior to 1989; Fox Consultants, Inc. (1984a) and USGS (1988c and 1988d).
Because data used in the baseline ERA was limited to samples collected since 1990, these
studies were excluded.

During the aquatic field investigation conducted by ERT, benthic macroinvertebrates were
collected by hand from rocks removed from the stream bed and composited from all aquatic
sampling locations. At five locations (WWC-R-01, WWC-02, WWC-03, WWC-04, WWC-05),
benthic invertebrates were randomly placed into one of two sub-samples. The first sub-sample
was designated as the “non-depurated” sample. The remaining sub-sample invertebrates were
maintained alive for 24 hours to depurate their gut contents; this sub-sample was designated as
the “depurated” sample. The number of individuals in each sub-sample and the total sample wet
weight was documented. All samples were analyzed for TAL metals and percent moisture.

5.6.2 Fish Tissue

Data on chemical concentrations in fish tissue are available from four studies; Fox Consultants,
(1984a), Chadwick & Associates, Inc. (1990a), Chadwick & Associates, Inc. (1996), and
USEPA (2001a). Of these studies only two collected fish after 1989, these studies will be used
to evaluate risks in the baseline ERA.

Chadwick Ecological Consultants, Inc. (1996). In 1996, fish were sampled from four stations
on Whitewood Creek (WWCI through WWC4); one station on the Belle Fourche River (BFR2)
downstream of the confluence with Whitewood Creek; and one station on the Belle Fourche
River (BFR1) upstream of the confluence with Whitewood Creek (Chadwick Associates, Inc.
1996). These stations are shown in Figure 4-1. Whole-body forage, rough, and game fish tissue
sample results for five metals (arsenic, lead, mercury, selenium, and zinc) were reported in the
1996 review report (Chadwick Ecological Consultants, Inc. 1997).

USEPA ERT. Forage fish were collected from Whitewood Creek (WWC-06, WWC-08),
Spearfish Creek (SPC-R-12), and the Belle Fourche River (BFR-R-10, BFR-11) using seines.
Information on fish taxonomy and length and weight measurements were recorded in the field.
Because of the need for tissue analysis to evaluate the potential transfer of COPCs to piscivorus
birds, whole fish were prepared for analysis. Three composite samples (of the same species, if
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possible, and biomass) were collected from each location, with the exception of station WWC-
08. This provided a total of 17 samples. Fish length and weight measurements and taxonomic
identification were confirmed prior to shipment to the analytical laboratory. Fish tissues were
analyzed for TAL metals and percent moisture.

5.6.3 Terrestrial Plant Tissue

Plant tissue data are available from Fox Consultants, Inc. (1984a) and USEPA (2001b). For the
purposes, of evaluating exposures to wildlife receptors from the ingestion of plants, tissue data
was limited to samples collected by ERT in August 1999 as it is a better estimate of current
exposures.

USEPA ERT. Vegetation was collected by hand at five soil sampling locations (WWC-R-01,
WWC-05, WWC-06, WWC-08 and SPC-R-12) for residue analysis of TAL metals and percent
moisture. The most abundant taxa (grasses), and/or taxa otherwise important in the food web
(sweet clover), observed at these sampling locations were targeted for residue analysis. Five
samples were collected from within each area and each sample consisted of several grab
samples. The above ground portion of plants in the sampling area were collected by cutting the
stems at the soil surface with a knife or shears. The plants were cut into 15cm lengths and
packaged in sample containers. Prior to analysis, one sub-sample was rinsed to remove any
loose soil particles and designated as “washed”, the other sub-sample was designated as
“unwashed”.

A single sweet clover (Melilotus sp.) replicate was also collected from all locations and analyzed
for TAL metals in leaves/flowers, stems, and whole-plant to determine if any translocation of
metals within the plant existed.

5.6.4 Terrestrial Invertebrate (Grasshopper) Tissue

In August 1999, ERT collected terrestrial macroinvertebrates (grasshoppers) with insect sweep
nets at all plant sampling locations (WWC-R-01, WWC-05, WWC-06, WWC-08, and SPC-R-
12). A mixture of species were collected from each location. One composite sample consisting
of approximately twenty grasshoppers was collected at each location and analyzed for TAL
metals and percent lipid content. These results are used to estimate exposures for terrestrial
receptors resulting from the ingestion of food items.
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5.6.5 Soil Invertebrate (Earthworm) Tissue

Currently, there are no measurements of soil invertebrate tissue concentrations in field collected
organisms. However, bioaccumulation of metals in tissues was evaluated in the laboratory by
ERT (USEPA 2001Db) as part of the 28 day soil toxicity test conducted in earthworms (Eisenia
foetida) .

Each soil toxicity test consisted of three replicates per sample location and a control. Each
replicate contained 220 grams of soil dry weight and ten worms ranging in wet weight from 300
to 600 milligrams each. The organisms were fed throughout the duration of the exposure to
allow survival and growth for the duration of the test. Following toxicity testing, the surviving
earthworms were purged of gut contents for 24 hours and frozen for residue analysis of TAL
metals. The bioaccumulation results for the earthworm 28 day test were used to estimate
exposures and evaluate risks for terrestrial receptors from the ingestion of food items.

5.6.6 Small Mammal Tissue

In August 1999, ERT conducted small mammal trapping and analyzed tissue samples to provide
exposure data for carnivorous wildlife. A combination of traps were set in high grass or bushy
areas and along edge habitat at stations WWC-R-01, WWC-05, WWC-06, WWC-08, and SPC-
R-12. Species and sex determination, total weight, total tail and hind foot lengths, and notable
physical conditions were recorded prior to analysis for TAL metals and percent lipids. Partial
necropsies were performed to obtain kidney and liver weights. A tissue section was removed for
histopathological analysis from the spleen, liver, and kidney of each small mammal. Metals
concentrations in small mammal tissues were used to evaluate risks for terrestrial wildlife
receptors from the ingestion of small mammals.

5.6.7 Bird Tissue

Currently, only one study provides concentration data for metals in bird tissue. In 1997, swallow
nest boxes were placed at the Whitewood Creek Siphon (WWC-08) and the Kiery property
(WWC-09) as well as a reference location on Bear Butte Creek, South Dakota, and the North
Platte River near Casper, Wyoming (Custer, 1997). Each box was visited regularly during the
nesting period and the number of eggs or young present were recorded. Samples of the eggs,
carcasses, liver, and diet of the nestlings were analyzed for arsenic content.
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6.0 ASSESSMENT OF STREAM VIABILITY AND FUNCTION

This section presents an assessment of stream viability and function at the Whitewood Creek
site. Streams are important because they provide exclusive habitat for many species of plants
and animals. Streams also process energy, organic matter, and nutrients. Biota utilizing the
stream corridor rely extensively on the resources provided by the stream to support survival,
growth, and reproduction. The benthic macroinvertebrate (BMI) community of a stream plays a
key role in ecosystem functions such as nutrient cycling and organic matter processing. Fish and
BMI are also important food resources for both aquatic and terrestrial receptors.

6.1 Chemicals of Potential Concern for Aquatic Receptors
The procedure used to select chemicals of potential concern in surface water and sediment were

presented in Section 3.4. The COPCs that were selected for quantitative evaluation are
summarized below:

Quantitative COPCs for Aquatic Receptors

Surface Water Sediment

Aluminum, Copper, Cyanide, Lead, Arsenic, Cadmium, Copper, Lead,

Selenium, Silver Manganese, Mercury, Nickel, Zinc

6.2 Comparison of COPC Concentrations in Site Media to Toxicity Benchmarks

One way to characterize the potential risks to aquatic receptors from exposure to COPCs in
surface water or sediment is the Hazard Quotient (HQ) approach. The HQ is defined as the ratio
of the exposure point concentration to the appropriate toxicity benchmark:

_ Concentration

HQ =

Benchmark

If the HQ is less than or equal to one, it is believed that no unacceptable effects will occur in the
exposed aquatic population. If the value of HQ exceeds one, then unacceptable effects may
occur, with the likelihood and/or severity of effects tending to increase as the value of the HQ
becomes larger.
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6.2.1 Surface Water Concentrations Compared to Toxicity Benchmarks

Surface Water Concentration Values

For most metals and metalloids in surface water, the concentration value may be expressed either
as total recoverable or as "dissolved" (that which passes through a fine pore filter). Because
there is general consensus that toxicity to aquatic receptors is dominated by the level of
dissolved metals (Prothro, 1993), all exposure and risk calculations for metals in this ERA are
based on the estimates of dissolved concentration.

For cyanide, the situation is somewhat more complex. Cyanide may occur in water in a variety
of forms, including free cyanide (HCN and CN"), simple cyanide salts, metallocyanide
complexes, and as a variety of organic compounds (Callahan et al., 1979; USEPA, 1984).
Toxicity from cyanide in water is likely due to free cyanide. However, reliable analytical
methods are not currently available to quantify free cyanide, so results are generally reported as
one of the following:

Weak Acid Dissociable (WAD) cyanide. This includes free cyanide and cyanide
complexes that can be liberated by weak acids (acids with pH ranging from 4-6, such as
acetic acid).

Strong acid dissociable (SAD) cyanide. This includes cyanide complexes liberated by the
action of strong acids (such as sulfuric or hydrochloric acid). SAD cyanide complexes
are typically stable and not a major threat to the environment.

Total cyanide. This includes all forms of cyanide, including free cyanide and both WAD
and SAD cyanide complexes.

For the purposes of this risk assessment, WAD cyanide is used as the best available analytical
estimate of the concentration of the toxicologically relevant form of cyanide. However, it should
be understood that WAD cyanide levels are expected to overestimate free cyanide levels, and
hence may overestimate risk of cyanide toxicity.

Because concentrations of COPCs in surface water can vary significantly over time and location,
exposure is best characterized as a distribution of individual values at each sampling location,
rather than as an average of values over time and/or over location. That is, an HQ value is
calculated for each sample. In cases where the toxicity of a COPC is hardness-dependent, any
sample where hardness was not reported was not included in this distribution.

6-2



HQ Values Based on Ambient Water Quality Criteria

The USEPA (USEPA, 1999a, 2001c¢) has established acute and chronic Ambient Water Quality
Criteria (AWQC) values for each of the COPCs selected for evaluation in surface water. The
acute AWQC is intended to protect against short-term (48-96 hour) lethality, while the chronic
AWQC is intended to protect against long-term effects on growth, reproduction, and survival.
AWQC values are not species-specific, but are designed to protect 95% of the aquatic species for
which toxicity data are available (USEPA, 1985).

For the COPC:s at this site, many of the AWQC values are dependent on the hardness of the
water, so the precise value of the acute and chronic AWQC that applies to a sample depends on
the hardness of that sample. The equations used to calculated the acute and chronic AWQC
values for dissolved metals are presented in Table 6-1. This table also lists the hardness ranges
tested in the dataset used to derive the AWQC equations. Because extrapolation beyond these
values is uncertain, the maximum tested hardness was used as a conservative value in calculating
AWQC values for samples with higher hardness values.

Detailed risk calculations based on the default AWQC:s are provided in Appendix E. The results
are summarized graphically in Figures 6-1a to 6-1f. Note that the results in these figures are
plotted on a log-scale, so large differences between HQ values are somewhat compressed. In
each figure, the upper panel reflects risks of acute toxicity from short-term exposures, while the
lower panel reflects risks of chronic effects on growth or reproduction due to longer-term
exposure. The bar for each station reflects the variability in concentration (and hence risk)
between different samples of surface water from the station. Inspection of these figures reveals
the following main conclusions:

. Acute HQs for aluminum, copper, lead, selenium, and silver are below a level of concern
at all sampling locations.

. Chronic HQs for copper, lead, and selenium are below a level of concern for a majority
of samples at most Whitewood Creek stations downstream of Gold Run Creek.
However, some HQ values greater than 1E+00 do occur, suggesting these chemicals may
contribute an intermittent low-level stress on aquatic receptors.

. Acute and chronic HQs for WAD cyanide are largely above a level of concern at most

stations on Whitewood Creek, and do not drop below a level of concern until many miles
downstream of Gold Run Creek near the Siphon.
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Evaluation of concentration data by comparison to AWQC values is useful in assessing risks to
the aquatic community as a whole, but does not provide information on which species and
lifestages may be most at risk. Figure 6-2 compares data on the distribution of WAD cyanide
concentrations in Whitewood Creek to the range of species-mean toxicity values for fish and

BMI derived from AWQC Documents (USEPA 1985, 1996b) as follows:

Acute TRV = Species or genus mean LC50 /2
Chronic TRV = Species or genus mean chronic value

The species presented are those that occur in, or are similar to other species that occur in
Whitewood Creek.

As seen in Figure 6-2, WAD cyanide concentrations are below a level of concern in the upstream
(reference) segment of Whitewood Creek, but are often above a level of concern for both acute
and chronic toxicity values at most stations downstream of the confluence with Gold Run Creek
for most fish species, including both cold water (brook trout and rainbow trout) and warm water
(bluegill) fish species. WAD cyanide concentrations are often in a range of chronic concern for
Daphnia, but would not be expected to cause effects on most other invertebrates downstream of
Gold Run Creek.

In interpreting Figure 6-1f and Figure 6-2, it is important to recall that AWQC values and
species-specific toxicity values for cyanide are based on free cyanide, but the concentration
estimates are based on WAD cyanide. Therefore, HQ values based on WAD cyanide may tend
to overestimate the risks to aquatic receptors.

HQ Values Based on Site-Specific Standards

Site-specific surface water quality standards have been established for several chemicals for the
reach of Whitewood Creek from the confluence of Gold Run Creek to the Interstate 90 bridge
(SD Article 74:51:01:56). In brief, these standards are based on several site toxicity tests and are
intended to be protective of a 90-day put-and-take stockable trout fishery. The site-specific
standards for this reach are presented below.
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Chemical 30-day Average (ug/L)
Copper (Total Recoverable) 80
Lead (Total Recoverable) 70
Silver (Total Recoverable) 20
Cyanide (WAD) 80

Detailed risk calculations based on the site-specific standards for copper, lead, silver, and
cyanide are provided in Appendix F. The results are summarized graphically in Figures 6-3a to
6-3d. As seen, HQs based on the site-specific standards for copper, lead, and cyanide are all
below a level of concern. For silver, HQ values based on the site-specific standard are below
1E+00 for all but one sample. These results indicate that toxicity from surface water to
stockable trout species in Whitewood Creek is unlikely to occur. It is important to note,
however, that these site-specific standards are not intended to be protective of younger and more
sensitive life stages of trout and other aquatic receptors, and that compliance with the site-
specific standards is not direct evidence that there are no risks to the aquatic community.

6.2.2 Sediment Concentrations Compared to Toxicity Benchmarks

Benthic macroinvertebrates that spend some or most of their life cycle within the sediment
substrate are exposed to COPCs through direct contact with sediment. In this risk assessment,
potential risks for benthic macroinvertebrates from COPCs in sediment were evaluated by three
separate approaches:

1. Calculation of HQs that compare sediment concentrations of COPCs to sediment toxicity
benchmarks.
2. Calculation of a mean probable effect concentration ratio for each sediment sampling

location to predict the incidence (probability) of observing toxicity in site sediments.

3. Comparison of Simultaneously Extractable Metals (SEM) concentrations to the level of
Acid Volatile Sulfide (AVS) in sediment.

Each of these three approaches is summarized below.
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Sediment Concentration Values

Although concentrations of COPCs in sediment are usually not as time-variable as
concentrations in surface water, concentrations do fluctuate as contaminated material is added or
removed by surface water flow. In addition, there may be significant small scale variability in
sediment concentrations at any specific sampling station. Therefore, exposure to sediments is
usually best characterized as a distribution of individual values at a specific location. At this
site, at present there is only one measurement of sediment concentration available per sampling
location, so exposure was based on that single concentration value. These data are summarized
in Table 6-2.

Sediment Toxicity Benchmarks

The USEPA has not established National TRVs for total recoverable metals in sediment.
Therefore, toxicity benchmarks for benthic invertebrates for exposure to COPCs in sediment
were identified based on a review of sediment quality guidelines published in the literature.
Several sets of sediment quality guidelines are available. The National Oceanic and
Atmospheric Administration (NOAA) compiled a set of Effects Range Low (ERL) and Effects
Range Median (ERM) levels for chemicals in sediment (Long and Morgan, 1990). The Ontario
Ministry of Environment has identified a set of Severe Effects Threshold (SET) values (Persaud
et al., 1993). MacDonald Environmental Sciences Ltd. (1994) expanded on the work of Long
and Morgan (1990) and developed a set of guidelines including threshold effects levels (TELs)
and probable effects levels (PELs). These sediment quality guidelines are derived based on data
primarily from marine environments.

Ingersoll et al. (1996) compiled freshwater sediment toxicity data from nine different
sites in the United States and identified a series of sediment effect concentrations (SECs)
for a series of metals in sediment. The SECs are defined as the concentrations of
individual contaminants in sediment below which toxicity is rarely observed and above
which toxicity is frequently observed. The database was compiled to classify toxicity
data for Great Lakes sediment samples. Ingersoll et al. (1996) derived five different
SECs according to the methodology of Long and Morgan (1990), Persaud et al. (1993)
and MacDonald Environmental Sciences Ltd. (MES) (1994). The SECs include an ERL,
ERM, TEL, PEL, and no effect concentration (NEC). Ingersoll et al. (1996) calculated
these freshwater ERL, ERM, TEL, and PEL values using the same procedures as NOAA
and MES (1994).

6-6



NOAA ERL and ERM Values. The NOAA ERL represents the 10th percentile of
values sorted in ascending order reported to be associated with an adverse effect. The
NOAA ERM is the median value in the ranking. An ERL is defined by Long and
Morgan (1990) and Long et al. (1995) as the concentration of a chemical in sediment
below which adverse effects are rarely observed or predicted among sensitive species.
An ERM is defined by Ingersoll et al. (1996) as the concentration of a chemical above,
which effects are frequently or always observed or predicted among most species. The
ERLs calculated by Ingersoll et al. (1996) use the 15th percentile.

State of Florida TEL and PEL Values. MES (1994) calculated TELs and PELs using
an expanded database of Long and Morgan (1990). Freshwater data were excluded from
the analyses. Sediment concentrations associated with an adverse effect were sorted in
ascending order and an ERL (15th percentile) and ERM (50th percentile) were identified.
The concentrations associated with no adverse effect were also sorted and a no effect
range high (85th percentile) and no effect range median (50th percentile) were identified.
The TEL is equal to the geometric mean of the ERL and no effect range median. The
PEL is equal to the geometric mean of the ERM and the no effect range high. Although
similar, the TEL and PEL values are lower than the ERL and ERM values. The values
are lower because they are calculated using both "effect" and "no-effect" data; whereas,
the ERL and ERM use only "effect" data. The NEC is the maximum concentration of a
chemical in sediment that does not significantly adversely affect the particular response
when compared to the control.

Consensus-Based Sediment Quality Guidelines (SQGs). In an effort to focus on
agreement among the various sediment quality guidelines (previously discussed),
MacDonald et al. (2000) issued consensus-based SQGs for 28 chemicals of concern. For
each chemical of concern, a threshold effect concentration (TEC) and a probable effect
concentration (PEC) were identified. The predictive reliability of these values was also
evaluated. The criteria for establishing reliability of the consensus-based PECs was
based on Long et al. (1998). This predictive ability analyses was focused on the ability
of each SQG when applied alone to classify samples as either toxic or non-toxic. These
criteria are intended to evaluate the narrative intent of the values. Sediment toxicity
should be observed only rarely below the TEC and should be frequently observed above
the PEC. Individual TECs were considered reliable if more than 75% of the sediment
samples were correctly predicted to be non-toxic. Similarly, the individual PEC was
considered reliable if greater than 75% of the sediment samples were correctly predicted
to be toxic. Therefore the target levels of both false positives (samples incorrectly
classified as toxic) and false negatives (samples incorrectly classified as non toxic) was
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25% using the TEC and PEC. The SQGs were considered to be reliable only if a
minimum of 20 samples were included in the predictive ability evaluation (MacDonald et
al., 2000). The results of the reliability analyses are summarized in Table 6-3.

Because field-collected sediments contain a mixture of chemicals, a second analyses was
completed to investigate whether the toxicity of a sediment could be predicted based on
the average of the PEC ratios for the sediment, using only the PEC values that were
found to be reliable. It was found that 92% of sediment samples with a mean PEC
quotient > 1.0 were toxic to one or more species of aquatic organisms. The relationship
between the mean PEC quotient and incidence of toxicity is depicted in Figure 6-4. As
seen, the mean PEC quotient was found to be highly correlated with incidence of toxicity
(R? = 0.98) (MacDonald et al., 2000).

For this ERA, the consensus-based SQG TEC and PEC values from MacDonald et al. (2000) are
used as a range of toxicity benchmarks for sediments. For manganese, sediment toxicity
benchmarks are the lowest and highest SEC values from Ingersoll et al. (1996). These values are
summarized in Table 6-4. The lowest and highest benchmarks for each COPC in sediment are
used to calculate a range of HQs. Even though none of the benchmarks are site-specific, if all
HQ values were below 1E+00 based on the lowest benchmark, it would be concluded that risk of
toxicity is low. Conversely, if a majority of HQ values based on the highest benchmark were
substantially higher than 1E+00, it would be concluded that toxicity was likely.

HQ Calculations for Exposure of Benthic Invertebrate to Sediments

Detailed HQ calculations for sediment are provided in Appendix G and presented graphically in
Figure 6-5. As noted previously, only one sample of sediment has been analyzed at each
sampling station, so the results shown in the figure are based on only a single concentration
value. Each of the series shown in the figure represents the range of alternative HQ estimates
(low and high) based on uncertainty in the true threshold effect level in sediment. Inspection of
Figure 6-5 yields the following conclusions:

. Predicted HQ values for sediment are generally below a level of concern for cadmium,
manganese, nickel, and zinc.

. HQ values for copper, lead, and mercury exceed a level of concern based on the lowest
TRV but are of minimal concern based on the highest TRV. Based on these
comparisons, sediment toxicity from these chemicals is considered possible, but not
certain.
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. Predicted HQs from arsenic are substantially above 1E+00 at all non-reference segments
of Whitewood Creek and the Belle Fourche River, based on both the lower and upper
toxicity benchmarks. Based on this, arsenic is identified as a potential source of sediment
toxicity. Note that HQ values for arsenic are also higher than 1E+00 immediately
upstream of Gold Run Creek (WWC-02), indicating that there may be impacts to
sediments in Whitewood Creek from sources upstream of the Homestake mine site. The
source of this apparent contamination is not certain, but is probably due to releases from
other historic mining operations in the area.

In considering this finding, it is important to recall that the sediment benchmarks are based on
studies in which multiple contaminants were present, and therefore it is not certain that
exceedence of a benchmark for a particular chemical will actually cause toxicity. In addition,
there may be a wide variety of differences between Whitewood Creek sediments and the
sediments used to establish the benchmarks, and these differences could influence the relative
toxicity of chemicals in the sediments. Examples of differences include particle size, organic
carbon content and pH. High organic content may diminish the apparent toxicity of bound
chemicals and acidic sediments may be more toxic.

Because of these uncertainties, the HQ values for sediment based on the selected toxicity
benchmarks should be viewed as part of the weight-of-evidence along with the results of site-
specific sediment toxicity testing and the structure and function of the benthic invertebrate
community.

Mean Probable Effect Concentration Ratio

As described earlier, MacDonald et al. (2000) found that the toxicity of sediment samples
containing multiple chemicals could be reliably predicted from the mean probable effect
concentration (PEC) quotient (i.e., the average HQ for each metal for which a reliable PEC was
available to serve as the TRV). The equation recommended by MacDonald et al. (2000) was:

Incidence of Toxicity (%) = 101.48 - (1-0.36*) where x = mean PEC ratio

The calculated mean PEC values for sediment samples at this site, along with the predicted
incidence of toxicity from the sediment, are summarized below:
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Mean PEC Quotient and
Predicted Incidence of Sediment Toxicity
Station Mean PEC Predicted Incidence of
Quotient Toxicity
WWC-R-01 0.1 13%
WWC-02 1.3 73%
WWC-03 2.7 95%
WWC-04 3.0 96%
WWC-05 53 100%
WWC-06 5.6 100%
WWC-07 2.8 95%
WWC-08 3.6 98%
WWC-09 2.7 94%
BFR-R-10 0.3 23%
BFR-11 6.3 100%
SPC-R-12 0.1 10%

McDonald et al. (2000) identified a mean PEC quotient of 0.5 as the threshold value for
identifying toxic sediments. As seen above, at this site the mean PEC quotients exceed a value
of 0.5 at all site locations, but are below a value of 0.5 at all reference locations. This suggests
that sediments in Whitewood Creek and the Belle Fourche may be toxic to benthic organisms.
However, as discussed above, because of potential uncertainties in this approach, mean PEC
values above a value of 0.5 should be viewed as part of the weight-of-evidence along with the
results of site-specific sediment toxicity testing and direct observations on the structure and
function of the benthic invertebrate community.

Benthic Toxicity Predictions Based on SEM/AVS

A potential limitation to the approach of predicting risks for benthic organisms based on the
concentration of metals in sediments is that not all of the metals in sediment particles may be
chemically available for dissolution into the sediment porewater. Studies by a number of
researchers have found that the tendency of metals in sediment to dissolve into the porewater is
determined in large part by the amount of sulfide present in the sediment (Hansen et al. 1996,
Ankley 1996, Ankley et al. 1996). This is because divalent cations of heavy metals such as
cadmium, copper, lead, zinc, nickel, and mercury form highly insoluble complexes with sulfides.
Thus, if the sediment contains sufficient sulfide to complex the metals, then dissolution into pore

6-10



water and resultant toxicity to benthic organisms is not expected (Hansen et al. 1996, Ankley
1996, Ankley et al. 1996).

Based on these considerations, one way to evaluate the risk to benthic organisms from metals in
sediments is to measure the amount of acid-extractable cadmium, copper, lead, zinc, nickel, and
mercury (these are referred to as Simultaneously Extractable Metals, or SEM) and compare this
to the level of Acid Volatile Sulfide (AVS). If the measured level of SEM (umol/g) is the same
or less than AVS (umol/g), then it is expected that porewater concentrations of metals will be
low and that toxicity to benthic organisms will not be of concern. If the concentration of SEM
exceeds the concentration of AVS, then toxicity may occur. However, there are other materials
in sediment (e.g., organic carbon) which also tend to bind metals (Mahony et al. 1996, Hansen et
al. 1996), so an exceedence of AVS by SEM is not proof that toxicity will definitely occur,
especially if the exceedence is fairly small (e.g., less than about 5 umol/g).

During the aquatic field sampling in March 1999, ERT collected bulk surficial sediment samples
from depositional areas on Whitewood Creek, the Belle Fourche River, and Spearfish Creek.
Each sample was analyzed for total metals, SEM and AVS. The results are summarized in Table
6-5.

As seen, at most locations on Whitewood Creek the level of SEM is smaller than AVS,
indicating that there is an excess of sulfide in the sediment and that toxicity is not expected.
Small excesses (less than 1 umol/g) of SEM over AVS occurred at stations WWC-08, WWC-09,
and BFR-11. This excess is sufficiently small such that other binding agents (e.g., organic
carbon) may attenuate exposures from any metals that may leach into porewater.

A potential limitation to the SEM-AVS approach is that most AVS present in sediments is
produced by anaerobic microorganisms, and that the level of AVS may vary as a function of the
amount of oxygen that penetrates the sediment. Thus, it is not appropriate to extrapolate
SEM/AVS data measured in anoxic depositional area sediments to sediments from oxygenated
riffles. Likewise, if an anaerobic sediment were to become exposed to the air as a consequence
of a drop in water level, metals which were bound in the form of AVS might become liberated
and could result in a pulsed release of soluble metals when the sediment became re-submerged.
Thus, an analysis of sediment hazard based on the difference between SEM and AVS should
include the understanding that the measured values may apply only to a limited location and
might change over time. Further, because available results for the Whitewood Creek site provide
data for only one point in time, the data may not reflect the maximum difference between SEM
and AVS.
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6.2.3 Screening-Level Risks to Fish from Oral Exposure

Aquatic receptors (fish, benthic macroinvertebrates) may be exposed to COPCs in Whitewood
Creek not only through direct contact with surface water, but also by ingestion of contaminants
in sediment and food items. In general, evaluation of the risk to aquatic receptors from oral
exposure is difficult because of limited availability of oral toxicity benchmarks. However, a
screening level assessment of risk was performed for fish based on a set of TRVs (NOAEL and
LOAEL) developed for another site (Clark Fork River) in USEPA Region 8 (USEPA, 2001d).

For the purposes of the screening evaluation, it was assumed that 100% of the trout diet is
composed of benthic organisms. The concentration values of COPCs in benthic organisms
(caddisfly larvae), the screening-level oral TRVs, and the resulting HQ values are shown in
Table 6-6. As seen, the HQ values do not exceed a value of 1E+00 for cadmium, copper, lead,
or zinc, but do occasionally exceed a value of 1E+00 for arsenic. These results suggest that
ingestion of arsenic in food web items might be of concern to fish. However, there are several
uncertainties in this conclusion. First, the calculations are based on only one composite sample
of benthic organisms per station, so concentration values averaged over time and space might
tend to be either higher or lower. Second, arsenic in most aquatic organisms tends to occur
mainly as a non-toxic organic form. If the same is true for benthic macroinvertebrates, then the
risks to fish may be lower than predicted. Third, all of the exceedences except one are for the
NOAEL-based but not the LOAEL-based TRV. This suggests that if any effects occur, the
results are likely to be minimal.

Predicted Risks from Sediment Ingestion

It is not believed that fish intentionally swallow inorganic sediments, but a few reports were
located which indicate that sand or small stones are occasionally found in the stomach content of
trout (Papageorgiou et al., 1984) and suckers (Carl 1936, Macaphee 1960). Even though the
amount of inorganic sediment ingested may be small, the concentration of metals in sediments is
usually substantially higher than the concentration in benthic organisms. To perform a screening
level evaluation of risks to fish from incidental ingestion of sediment, the intake of sediment was
assumed to be 5% of the dietary intake. This assumption is similar to values which have been
suggested for trout (2%) and suckers (5%-10%) (Skaar, 1998). The TRVs used were the same as
described above for ingestion of aquatic food items. The results are shown in Table 6-7. As
seen, HQ values do not exceed a value of 1E+00 for any sediment sample at any station. This
indicates that direct ingestion of sediment by fish is not likely to be of concern.
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6.2.4 Comparison of COPCs in Fish Tissue to Toxicity Benchmarks

Another way to estimate risks to fish is to compare the tissue level of COPCs observed in fish
from the site to tissue concentrations that occur in fish with and without evidence of adverse
effects. This approach has the advantage that it integrates exposures over all sources (surface
water, sediment, food web), and accounts for any site-specific factors that might increase or
decrease exposure compared to laboratory conditions.

Fish Tissue Data

Concentrations of COPCs in fish tissue are available from two studies. CEC et al. (1997)
collected samples of forage, rough, and game fish from four stations along Whitewood Creek
and two locations on the Belle Fourche River, and analyzed whole body samples for arsenic,
lead, selenium, mercury and zinc. USEPA (2001a) collected three composite samples of game,
rough, and forage fish from three locations along Whitewood Creek, two locations on the Belle
Fourche River, and one location on Spearfish Creek, and analyzed the whole body samples for
the full suite of TAL metals.

Tissue Concentrations Associated with Adverse Effects to Fish

Jarvinen et al. (1999) provide a compilation of studies that identify effect levels and no-effect
levels of organic and inorganic chemicals, expressed in terms of fish tissue concentrations.
These data are summarized in Table 6-8. For this risk assessment, the tissue-based toxicity
benchmark (also referred to as the maximum acceptable tissue concentration, or MATC) was
defined as the highest residue reported to be associated with no adverse effects (NOAEL) below
the lowest reported residue that is reported to cause an adverse effect (LOAEL). If the only
values available report adverse effects, then the LOAEL was used and divided by 2 to
approximate a NOAEL. No tissue data for fish were located for manganese or nickel, so these
chemicals were not evaluated by this approach.

HQ Values for Fish Based on Fish Tissue COPC Levels

Table 6-9 summarizes the fish tissue concentration data, the fish tissue MATC values, and the
resulting HQ values for fish. Inspection of this table shows that all HQ values are consistently
above 1E+00 for mercury and zinc. Note, however, that HQ values tend to be elevated for
mercury and zinc at the reference locations (BFR1, BFR-10, SPC-12) as well as the site stations,
suggesting the MATC values for these chemicals may be somewhat too low. There are two
cases where the HQ based on arsenic is greater than 1E+00, both in the upper reaches of
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Whitewood Creek (WWCI1, WWC2). This suggests that arsenic might be of concern to some
individual fish but probably not all fish (the average HQ for arsenic for all fish excluding
reference locations is 6E-01). However, the data are too limited and the values too variable to
draw a firm conclusion.

6.3 Site-Specific Sediment Toxicity Tests

One way to help reduce the uncertainty associated with HQ values based on sediment benchmark
values is to perform direct toxicity testing using sediment samples collected at the Whitewood
Creek Site. Such tests were performed by ERT (USEPA, 2001a), who conducted a 10-day
chronic survival and growth toxicity test using the amphipod (Hyalella azteca) in accord with
standard protocols. Test sediment samples were collected from 9 sampling stations at
Whitewood Creek (WWC-R-01 through WWC-09), two stations on the Belle Fourche River
(BFR-R-10 and BFR-11), and the Spearfish Creek reference (SPC-R-12). At each sampling
station, the sediment toxicity test consisted of eight replicates using 100% site sediment (without
dilution). The detailed results are presented in Appendix D of the ERT aquatic field sampling
report (USEPA, 2001a), and are summarized in the upper portion of Table 6-10. As seen,
statistically significant decreases in survival were noted for organisms exposed to sediments
from stations WWC-05 and WWC-06, but not other stations'.

In order to identify the likely cause of the observed mortality at these two stations,
concentrations measured in porewater were compared to acute AWQC and amphipod-specific?
toxicity values. Results are shown in Figure 6-6. As seen, concentrations of arsenic exceeded
both the acute AWQC and the acute amphipod-specific TRVs for samples from WWC-05 and
WWC-06, suggesting that arsenic may have contributed to the mortality. However, arsenic
concentrations also exceeded acute criteria at WWC-03 and BFR-11, but no mortality was seen
at these locations. Cadmium exceeded the acute AWQC value at WWC-05 and WWC-06, but
the amphipod-specific TRVs were not exceeded at either location. These results suggest that
cadmium is unlikely to have contributed to the mortality in H. azteca. Lead, copper and zinc
exceeded the acute criteria at WWC-03, but no mortality was observed at those locations.
Ammonia exceeded the amphipod-specific TRV at both WWC-05 and WWC-06, suggesting that

! Survival of amphipods in one replicate of the Spearfish Creek sample (SPC-R-12) was 0%.
The investigators report this as an anomaly compared to other sample replicates where average survival
was 87.1%. The 0% survival in this anomalous replicate was attributed to two possible causes: 1)
organisms were not added to the test chamber, or 2) the test chamber was contaminated. This result was
excluded in the data analyses for SPC-R-12.

2 Amphipod-specific TRVs were defined as the Hyalella sp. (or Gammarus sp. if Hyalella sp.
data were absent) LC50 value divided by 2.
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it may have contributed to the effect, but ammonia was also above the TRV at WWC-02, BFR-
11 and SPC-R-12, without associated mortality.

In order to further evaluate these data, a regression analysis was performed to determine the
degree and the direction of correlation between the observed mortality rate in the exposed
organisms and the concentration of chemicals in the bulk sediment and in the pore water derived
from the toxicity tests (these concentrations in bulk sediment and sediment pore water are shown
in the middle and lower panels of Table 6-10). A potentially significant contributor was
identified by a statistically significant (p < 0.05) negative correlation (R <-0.6) (i.e., as the
concentration of the chemical goes up, survival and/or growth goes down). The results are
shown in Table 6-11.

As seen, an association was observed for mercury in sediment and for arsenic and cadmium in
porewater. These results suggest that one or more of these metals might be responsible for the
increased mortality in Hyalella. However, there was also a statistically significant correlation
between decreases in Hyalella survival and growth and the concentration of unionized ammonia
measured in the test chambers at the start of the sediment testing. At the pH of the test water, the
acute AWQC for total ammonia is about 3-4 mg/L and the acute TRV for Hyalella is about 1
mg/L, while the concentrations of total ammonia measured for WWC-05 and WWC-06 on day
zero were 16.2 and 3.2 mg/L, respectively. Thus, the levels of ammonia were high enough in
these samples that ammonia may have contributed to the toxicity. On the other hand, total
ammonia was at a concentration of 3.1 mg/L in the water derived from the Spearfish Creek
sample, but no excess mortality occurred in this sample, suggesting that ammonia alone may not
have caused the effect (at least in WWC-06). The source of the ammonia in these samples is not
known, but is not suspected to be related to mine wastes.

In summary, the results of the sediment toxicity test suggest that arsenic, cadmium, and/or
mercury levels in sediment or porewater might increase the risk of acute mortality in exposed
benthic organisms, but this conclusion is limited by the potential confounding effects of elevated
levels of ammonia in the porewater. In addition, the porewater collected during laboratory-based
sediment toxicity testing may not accurately reflect metal concentrations in pore water in situ.

6.4  Assessment of Seep Water Toxicity
Water that enters Whitewood Creek from groundwater seeps was investigated to determine if
this water might be a significant source of dissolved COPCs in the stream and might be of

concern to aquatic receptors. Three separate approaches for evaluating this potential concern are
described below.
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6.4.1 Comparison of Seep Water Concentrations to AWQC Values

Although it is highly unlikely that aquatic receptors would be found directly in seep water, the
potential for impacts of seep water to the creek may be screened by comparing the
concentrations of chemicals in seep water to corresponding AWQC values. If the concentration
is seep water does not exceed the AWQC, it is probable the seep water is not of concern for that
chemical. If the concentration of a chemical in seep water exceeds the AWQC, there is a
possibility the seep water could be of concern, but the impact (if any) would depend on the rate
and degree of mixing of the seep water with the stream.

USGS (2000) collected seep water samples from five Whitewood Creek seeps (23R, 23L, 31L,
32L, and 33L) and one reference location to evaluate toxicity to larval fathead minnow
(Pimephales promelas). Likewise, ERT (USEPA 2001a) collected seep water from four stations
along Whitewood Creek (WWC-06, WWC-07, WWC-08, and WWC-09). The concentration
values detected in these seeps and a comparison of those values with acute AWQC values are
shown in Table 6-12a (data of USGS 2000) and in Table 6-12b (data of ERT). As seen, most
chemicals are below a level of concern even in the undiluted seep water. However, arsenic
levels in seep water are often above the acute and/or chronic AWQC value (Table 6-12a and
Table 6-12b), and aluminum and lead are above the chronic AWQC value in two locations
(Table 6-12b).

It should be noted that these results are based on seep water samples collected at only one or two
points in time. Hence, the data may not be representative of the full range in seasonal variability
in seep water concentrations, and may not reflect the maximum seep water concentrations which
could occur.

6.4.2 Comparison of Upstream and Downstream Concentrations

A second way to evaluate the impacts of seeps is to compare the concentration of metals in
surface water at locations upstream of the seep with a downstream location that includes the
mixing zone from the seep. Data of this type were collected by USGS (2000) at five different
seeps. These data are summarized in Table 6-13. Shaded cells in the table indicate cases where
the concentration downstream of the seep is more than 50% higher than in the corresponding
upstream location. As seen, there are a number of cases where the downstream locations appear
to be elevated compared to the upstream location. However, it is also true that none of the
elevations result in an exceedence of the acute or chronic AWQC values. These data suggest
that seeps may be contributing to the metals load in the river, but are not likely to be a source of
significant toxicity.
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6.4.3 Site-Specific Acute Toxicity to the Fathead Minnow

A third way to evaluate the potential risks from seep water is to test the toxicity of the water
directly. A study of this type was performed by USGS (2000) at five locations along Whitewood
Creek. Larval fathead minnows were placed in test chambers containing water collected from
three locations (upstream, seep water, and downstream) at each of the five sampling stations, and
survival, length, and weight were recorded at 24, 48, 72 and 96 hours of exposure. The survival
results are presented in Table 6-14.

As seen, there was a slight reduction in survival in some seep waters (23R, 31L, 33L) and some
mixing zone water (23R, 33L) compared to the upstream reference water, but these changes are
sufficiently small that the effects may be random rather than treatment-related. These data
suggest that most seep waters and the water downstream of the seeps is not likely to be
significantly toxic to fathead minnows. However, it is important to note that the fathead minnow
is not be the most sensitive freshwater organism with regard to arsenic toxicity, and that this test
does not establish that there is no potential hazard from seep water.

Summary and Conclusions Regarding Seep Water Toxicity
In summary, the following data are available to assess the potential hazard from seep water:

. Some metals concentrations in seep water are up to an order of magnitude more
concentrated than water in Whitewood Creek. Influx of seep water often leads to an
observable increase in metals concentration in the surface water downstream of the seep.

. Concentrations of arsenic in undiluted seep water exceed the acute and/or chronic
AWQC for arsenic at several different seeps. However, concentrations of arsenic in the
stream downstream of the seem do not exceed a level of concern.

. The site-specific seep water samples and samples from the stream downstream of the
seeps are not acutely toxic to the fathead minnow after 96 hours of exposure in laboratory
testing (USGS, 2000).

Taken together, these data indicate that seep water is a source of increased loading to the stream,
but provide little evidence to conclude that seeps contribute any significant risk of toxicity to
aquatic receptors in Whitewood Creek. However, it should be noted that concentrations of
metals in seep water might vary over time, and that the highest levels in seep water may not have
been measured in these studies.
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6.5 Comparison of the Aquatic Communities to Reference Communities

Effects of chemical stressors on an ecosystem can sometimes be evaluated by direct observation
of the density and diversity of species present in the ecosystem. At this site, observations on the
aquatic community are available from a number of studies. These are summarized in Table 6-15.
Studies performed prior to 1985 (Herricks 1982, Fox Consultants 1984a) demonstrated that
populations of fish and benthic macroinvertebrates in Whitewood Creek were visibly impaired.
This was attributed to a combination of chemical stresses due to release of mine process water
and physical stresses (mainly high temperature during the summer). Because conditions in the
river changed significantly in 1985 when the mine wastewater treatment system came on line,
these studies are not considered to be relevant to current site conditions and are not considered
further.

Studies performed between 1990 and 2001 have all demonstrated that there are relatively diverse
and abundant communities of fish, benthic macroinvertebrates, and periphyton present in
Whitewood Creek (Chadwick and Associates, Inc., 1990a, 1990b; Chadwick Ecological
Consultants, Inc., 1997, 2000; Knudson 2000, 2001a, 2001b; USEPA 2001a). These studies
support the conclusion that, in the absence of an accidental release or spill from the mine (e.g.,
see Knudson 200, 2001a, 2001b for an assessment of an accidental release that occurred in
1998), impacts of the mine, if any, on Whitewood Creek are not severe. However, it is important
to recognize that the observation that aquatic species are present in Whitewood Creek is not
equal to proof that residual mine wastes have no impact of the aquatic communities. This is
because the number and identity of individuals and species that are present at any particular
location in the creek depends on a very large number of factors, and a judgement whether there
is a mining-related impact requires a good quantitative understanding of what would have been
expected at the site absent any mine-related chemical stressors. This information is usually
obtained by seeking an appropriate "reference" area, and comparing the observations from the
site with the reference area. While this approach has a number or merits, it is sometimes difficult
to find a reference location that is well-matched to the test location with regard to all (or even
any) of the key determinants of population density and diversity. Thus, direct population studies
should always be viewed as one element in the weight of evidence evaluation rather than a direct
method for deducing presence or absence of site-related effects.

Presented below are more detailed reviews of those studies which provide data that allow a
comparison of population demographics in Whitewood Creek with a reference site.
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6.5.1 Fish Communities

Chadwick (2001)

Chadwick Ecological Consultants, Inc. (2001) used electrofishing to collected data on the
diversity and density of fish populations present in September, 2000, at four stations in
Whitewood Creek (all located downstream of Gold Run Creek), and compared those to
observations at a reference location suggested by USEPA on Spearfish Creek.

Diversity. A total of nine fish species were observed in Whitewood Creek. In the upper
portion of the stream, this included the longnose dace, white and mountain sucker, and
brown trout. In the lower portion of the stream, several additional species were noted,
including the sand shiner, fathead minnow, flathead chub, creek chub, and stonecat. At
any one station, a total of 3-6 species were observed, compared to 4 species observed in
the reference location (longnose dace, white sucker, brown trout, and brook stickelback).
In Whitewood Creek, the longnose dace was the most abundant species, accounting for
more than 90% of the individuals in the three upstream stations. In contrast, the brown
trout was the most common species in the reference stream.

Density. The density (number of fish per hectare) in the three upstream stations in
Whitewood Creek (16,000/ha to 28,000/ha) was higher than that seen in the reference
station (3,900/ha). This was due mainly to the high density of longnose dace in the upper
portion of Whitewood Creek. The biomass of fish in the upper reaches of Whitewood
Creek (36-88 kg/ha) was somewhat lower than for the reference area (94 kg/ha).

Age Structure. Analysis of the length distribution of brown trout in Whitewood Creek
indicated that multiple year classes were present, and that natural reproduction is

probably occurring. The same was true of the reference stream.

Habitat Quality. A number of measures of habitat quality were collected at each

sampling station. Whitewood Creek was generally similar in depth (0.3-1.3 feet) to
Spearfish Creek (0.8 feet), but tended to be somewhat narrower, especially in the upper
reaches (15-23 feet) than the reference stream (30-38 feet). Eroding banks were common
in Whitewood Creek, but were absent in Spearfish Creek. Overall, the habitat rating for
Whitewood Creek ranged from marginal to sub-optimal, while the rating for Spearfish
creek was optimal.
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Based on these findings, the author concluded that Spearfish Creek was not a good reference
stream for use in comparisons to Whitewood Creek. Thus, while the data from this study
provide a clear indication that a self-reproducing community of fish is present in Whitewood
Creek, it is not possible to draw inferences as to whether mine-related contaminants are causing
an impact in the stream.

Knudson (2000, 2001a, 2001b)

Knudson (2000, 2001a, 2001b) performed a series of aquatic population surveys at five stations
on Whitewood Creek, one of which was 400 m above the confluence with Gold Run Creek. This
station (designated WC-1) was used as a reference station. Fish were collected by repeated
electrofishing passes. These studies were part of an investigation performed mainly to assess the
impacts of a mining process release that occurred in May, 1998. The studies revealed that there
was a clear impact of the release on the fish community in the summer of 1998, but that partial
recovery was apparent by 1999 and near complete recovery had occurred by 2000. Thus, the
fish survey data collected in June and September of 2000 are the judged to be most meaningful
basis for an upstream-downstream comparison in Whitewood Creek. These data are summarized
below.

Diversity. The most common species observed at the four downstream stations on
Whitewood Creek in 2000 included brown trout, brook trout, longnose dace, and
mountain sucker. These species were also the most common in the reference station.

Density. The density of fish (number per hectare) and the biomass (kg/ha) are
summarized in Figure 6-7. Brown trout tended to be dominant in terms of both number
and biomass. As seen, within a station, the density and biomass both varied between the
samples collected in June and September, with the values in September tending to be
higher. Within a sampling event (June or September), the density tended to be lower in
the three downstream stations than in the reference location, while biomass did not show
a consistent pattern of difference.

Condition. Condition factors (an index of the relation between length and weight) for
brown trout and brook trout longer than 150 mm tended to be close to or slightly above
1.0 at all stations, with the downstream stations (especially WC-2) being slightly higher
than the reference station (WC-1).
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Age Structure. Analysis of the length distribution of brown trout population indicated
that young of the year were present at all stations, indicating that natural reproduction is
occurring.

Based on these data, Knudson (2001a, 2001b) concluded that the consistently higher condition
factors and larger average size of brown trout (stratified by age group) at stations downstream of
Gold Run Creek indicated that productivity (growth) was greater below Gold Run Creek than
above Gold Run Creek. These findings support the conclusion that, absent the impacts of an
accidental release, the populations of fish in Whitewood Creek are not significantly impacted by
mining-related releases at locations below Gold Run Creek.

6.5.2 Benthic Macroinvertebrate Communities

USEPA (2001a)

A benthic macroinvertebrate survey was completed by USEPA in March of 1999 at all aquatic
sampling locations (except WWC-07) as one measure of stream function and viability (USEPA,
2001a). Rapid Bioassessment Protocols (RBP) were used to identify and evaluate the quality of
habitat and the structure and function of the benthic invertebrate community (USEPA 1989c,
1990b, 1997b). Sampling locations were situated in areas that were judged to be typical and
were likely to yield representative specimens of benthic macroinvertebrates. Three reference
stations were established for comparisons, as follows:

Reference WWC-R-01. Serves as a reference for WWC-02 and WWC-03, since the
substrate composition and habitat are similar. Much of the substrate is composed of rock

or gravel of larger size compared to stations further downstream.

Reference SPC-R-12. Serves as a reference for the downstream locations on Whitewood
Creek (WWC-04 through WWC-09). These stations tend to have a higher percentage of
finer-grained particles (sand or smaller) than the up-stream stations. The Spearfish Creek

location is characterized by the presence of cobble or gravel.

Reference BFR-R-10. This station on the Belle Fourche River is upstream of the

confluence with Whitewood Creek and serves as the reference for the sampling station
downstream of the confluence (BFR-R-11).

The metrics used to characterize the benthic community are listed in the upper portion of Table
6-16. The procedure used to convert the measured values into an index of benthic community
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health (the Biological Condition Category) is shown in Figure 6-8. The resulting Biological
Condition Categories for the study sites are summarized in the lower part of Table 6-16. As
seen, all Whitewood Creek and Belle Fourche River benthic communities are classified as
slightly impaired relative to their respective reference stations, with WWC-06 showing the
greatest impairment.

In order to determine if the variability in any of the various metrics of BMI community health
were related to COPC concentrations in aquatic media, correlation analyses were performed for
both surface water and bulk sediment. For metrices that decrease as water quality decreases, a
significant correlation was defined as p value less than 0.05 and an R value less than -0.7. For
metrices that increase as water quality decreases, significant correlations were defined as a p
value less than 0.05 and an R value larger than 0.7. For sediment, no significant relationships
were observed (upper panel). For surface water, a significant relationship was not noted for any
COPC, but was for hardness (lower panel). That is, as hardness increased, several BMI metrices
related to density and diversity tended to decrease. It is not known whether this correlation is
causal, or whether hardness may tend to co-vary with other factors that influence the BMI
community.

In interpreting these results, it is important to recognize that the biological potential of a
sampling site is determined not only by water quality but also by the quality of the habitat
(substrate). The relationship between habitat quality and biological condition can be envisioned
as a sigmoid curve, as shown in Figure 6-9. In cases where habitat is good or excellent habitat,
degraded environmental conditions (chemical pollution or toxicants) will be readily observable
by decreases in the biological condition of the communities present. However, as habitat
degrades to a poor condition, the presence of water quality problems may cause less dramatic
responses in the communities, mainly because the degraded habitat may shift the community
composition toward more tolerant and opportunistic species (USEPA, 1989c¢).

Table 6-17 summarize the habitat data collected at the site stations and classifies each according
to the degree to which they are similar to their respective reference areas, as follows:

Percent of Comparability Assessment Category
>90% Comparable to Reference
75-88% Supporting
60-73% Partially Supporting
< 58% Non-Supporting
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Figure 6-9 combines the data on habitat quality and Biological Condition Category, and
compares the observed and expected relationship between habitat quality and biological
condition. As seen, the Biological Condition of benthic communities at stations WWC-02,
WWC-03, WWC-04, and BFR-11 are all lower than would be expected based on the habitat
quality. This suggests that stressors (possibly including mine-related chemical contaminants) are
responsible for the slight impairment in community health. At stations WWC-05, WWC-06, and
WWC-09, the Biological Condition score is close to what might be expected based on the habitat
quality, while the condition at WWC-08 is slightly higher than what would be expected.

One of the primary factors contributing to the decrease in habitat quality at some stations is
increased embeddedness of the substrate. Figures 6-10, 6-11 and 6-12 illustrates how several
measures of biotic community health correlate with embeddedness (note: low embeddedness
scores correspond to high embeddedness).

Chadwick (2001)

Chadwick Ecological Consultants, Inc. (2001) collected data on the diversity and density of
benthic macroinvertebrate present in April and September, 2000, at four stations in Whitewood
Creek (all located downstream of Gold Run Creek), and compared those to observations at a
reference location suggested by USEPA on Spearfish Creek. Three samples were collected at
each station using a modified Hess sampler. The results are summarized below.

Comparison of BMI Community in Whitewood Creek and Spearfish Creek

Whitewood Creek (4 stations) Spearfish Creek (1 station)
BMI Community Index

April 2000 Sept 2000 April 2000 Sept 2000
Density (number/m?) 420-2800 13,000-27,000 11,800 11,500
Number of taxa 32-46 35-42 39 47
S-W Diversity Index 2.9-34 2.1-2.3 3.7 33
Number of EPT Taxa 6-11 11-16 10 10
Mayfies (% total taxa) 32-61% 72-79% 23% 16%
Contribution dominance (%) 27-51% 52-67% 19% 28%

Source: Chadwick Ecological Consultants, Inc. (2001)

Based on these findings, the author concluded that the benthic community in Whitewood Creek
was generally similar to that in Spearfish Creek, and that the community was relatively diverse
and included a number of sensitive EPT taxa. The relatively low density noted in Whitewood
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Creek in the spring compared to Spearfish Creek was attributed to differences in collection time
and the effects of differences in flow.

Knudson (2000, 2001a, 2001b)

Knudson (2000, 2001a, 2001b) collected a series of benthic invertebrate samples at five stations
on Whitewood Creek, one of which was 400 m above the confluence with Gold Run Creek. This
station (designated WC-1) was used as a reference station. Samples (three replicates per station)
were collected from moderate- to high grade riffles by the unit-effort traveling kick net method.
As noted above, because of the impacts of a release that occurred in 1998, data collected in June
and September of 2000 are the judged to be most meaningful basis for an upstream-downstream
comparison in Whitewood Creek. Bioassessment scores and ratings were computed using the
method shown in Figure 6-8, except that only three metrics were used (taxa richness, percent
contribution of dominant taxon, and community loss index). The results are summarized in Table
6-18.

Based on these data, Knudson (2001a, 2001b) concluded that WC-1 was a good reference
location for evaluating the biological condition of benthic communities at the other stations on
Whitewood Creek. Although a habitat survey was not performed in 2000, habitat quality data
from 1997, 1998, and 1999 indicated that the habitat was "partially supporting". Based on this,
the author concluded that differences in habitat quality could account, at least in part, for the
slight impairment in biological condition observed at the downstream stations.

6.5.3 Periphyton Communities

Knudson (2000, 2001a, 2001b)

Knudson (2000, 2001a, 2001b) collected samples of periphyton from natural substrates at five
stations on Whitewood Creek, one of which was 400 m above the confluence with Gold Run
Creek. This station (designated WC-1) was used as a reference station. During examination,
algae were classified in two broad classes (diatoms and non-diatoms). The diatom communities
were rated using four biological assessment metrics: taxa richness, percent relative abundance
(PRA) of the dominant taxon, a similarity index, and a siltation index. The results are
summarized below:
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Comparison of Diatoms in Whitewood Creek Downstream of Gold Run
to Whitewood Creek Reference Station

WC-1 (Reference) WC-2 GFP-8 GFP-1
Metric

June Sept. June Sept. June Sept. June Sept.
Total taxa 33 31 33 34 38 35 33 30
PRA Dominant taxon 60.6 57.7 58.6 21.5 64.2 28.8 44.9 34.7
Similarity Index -- -- 81.4 29.2 42.8 41.2 69.5 57.8
Siltation Index 22.9 15.8 22.3 14.1 20.9 16.4 42.6 14.0

Based on the relatively high PRA of the dominant taxon (Achnanthes minutissima) observed at
station WC-1, the author concluded that this station may have been subject to stress or
impairment and may not be an ideal reference location for the three downstream stations on
Whitewood Creek. Nevertheless, the data support the conclusion that the algal community is
generally similar across all four stations, with good diversity of taxa. Except for station GFG-1
in June, the siltation index was relatively low at all stations, indicating little effect of
embeddedness on the algal community.
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7.0  ASSESSMENT OF RIPARIAN FLOODPLAIN FUNCTION AND VIABILITY

This section provides an assessment of the ecological function and viability of the riparian
floodplain. The structure and function of the stream corridor is important because it provides a
significant portion of the energy, organic matter, and nutrient inputs to the stream, and because
stream corridors usually provide high quality edge habitat as well as forage for a variety of
relatively sedentary birds, reptiles, amphibians, and mammals. The sedentary species that
generally congregate near streams due to habitat and food availability are often preyed upon by
more far-ranging species.

In this risk assessment, the health of the riparian floodplain is assessed by focusing on the status
of the terrestrial rooted vascular plant community and on soil invertebrates. The terrestrial
rooted vascular plant community provides many functions including: erosion prevention (both
water and wind), promotion of rainwater percolation, restriction of sheet water flow leading to
reduced flooding potential, provision of nesting and cover habitat for wildlife, production of
energy via photosynthesis, production of organic mater input (energy) to streams and soil
systems, and reduction of surface wind velocity. The soil invertebrate community plays a key
role in nutrient cycling and organic matter processing. This community is also an important food
resource for the terrestrial wildlife including insectivorous small mammals and birds. These
communities are good indicators of riparian floodplain condition because they reside directly in
the soil and are not mobile.

7.1 Chemicals of Potential Concern for Terrestrial Receptors
The procedure used to select chemicals of potential concern in soil were presented in Section

3.4. The following COPCs were selected for quantitative evaluation for terrestrial receptors
(plants, soil invertebrates):

. Aluminum . Copper . Nickel

. Antimony . Iron . Silver

. Arsenic . Lead . Thallium
. Barium . Manganese . Vanadium
. Boron . Mercury . Zinc

. Chromium . Molybdenum
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7.2 Comparison of COPC Concentrations to Toxicity Benchmarks

Potential risks to terrestrial receptors from exposure to COPCs in an environmental medium may
be characterized by use of a Hazard Quotient (HQ) approach. The HQ is defined as the ratio of
the exposure point concentration to the appropriate toxicity benchmark:

_ Concentration

HQ =

Benchmark

If the HQ is less than or equal to one, it is believed that no unacceptable effects will occur in the
exposed aquatic population. If the value of HQ exceeds one, then unacceptable effects may
occur, with the likelihood and/or severity of effects tending to increase as the value of the HQ
becomes larger.

7.2.1 Soil Concentrations Compared to Phytotoxicity Benchmarks

Plants are exposed to metals in soil principally through their roots. Exposure may also occur due
to deposition of dust on foliar (Ieaf) surfaces, but this pathway is believed to be small compared
to root exposure. Copper and zinc are considered to be essential or beneficial for plant growth
(Kabata-Pendias and Pendias, 1992). However, excessive levels of these and other metals in soil
may exert a variety of adverse effects on plants including reduced photosynthetic efficiency,
reduced seed germination, and reduced root-mass formation. These phytotoxic responses may
occur at the scale of the individual plant or may affect the entire plant community, resulting in
areas of stressed and unhealthy vegetation. Stressed communities are often subject to invasion
by weedy metals-tolerant species which in turn can result in the disruption and displacement of
an entire plant community that would otherwise be found in an affected area. In some locations,
lethality to plants can result, and areas with little or no vegetative cover may occur.

Soil Concentration Values

Data on the concentration of COPCs in soils within the floodplain of Whitewood Creek, the
Belle Fourche River, and Spearfish Creek were collected by ERT in 1999 (USEPA 2001a). In
March, one sample was collected at six stations on Whitewood Creek, and one station each on
the Belle Fourche and Spearfish Creek. In August, five individual samples were collected at
four stations on Whitewood Creek and one station on Spearfish Creek. These data are
summarized in Table 7-1. Data collected from station WWC-R-01 in March 1999 were excluded
because these soils were clearly contaminated with arsenic and a number of other metals, and
hence are not representative of reference area soils.
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Phytotoxicity Benchmarks

A relatively large body of literature exists regarding metal phytotoxicity. These studies have
shown that the toxicity of metals in soils may vary widely between different plant species, and
also depends on a large number of soil parameters including soil type, organic content, water
content, soil condition, soil chemistry, and soil pH (Adriano, 1986). Benchmark values that have
been established for phytotoxicity by several different groups (Kabata-Pendias and Pendias,
1992; CH2M Hill, 1987a; CH2M Hill, 1987b; Efroymson et al., 1997a) are summarized in Table
7-2. These values were used as the basis for the phytotoxicity benchmarks used in this risk
assessment. When more than one value was available for a chemical, the geometric mean was
used. These are summarized in the right-hand column of Table 7-2.

HQ Values for Phytotoxicity

Because plants are not mobile, HQ predictions are calculated on a sample-by-sample basis,
rather than on average concentrations over some selected location. Detailed HQ calculations are
presented in Appendix H and shown graphically in Figure 7-1. Note that the results in these
figures are plotted on a log-scale, so large differences between HQ values are somewhat
compressed. The bar for each station reflects the variability in concentration (and hence risk)
between different samples of soil from the station. Inspection of these figures reveals the
following main conclusions:

. For antimony, barium, copper, lead, mercury, molybdenum, nickel, silver, thallium, and
zinc, most or all calculated HQs are below a level of concern, indicating phytotoxicity
from these metals in floodplain soils is unlikely.

. HQs for aluminum, boron, chromium, and vanadium are greater than 1E+00 at all
stations, including each of the reference locations. This indicates that the selected
phytotoxicity benchmark values for these chemicals are probably not appropriate for soil
conditions in the Whitewood Creek site and may over-predict risks.

. For arsenic, HQ values are above a level of concern at all site locations, but are below a
level of concern at all reference stations. This suggests that arsenic in site soils could be
a source of phytotoxicity.

. Manganese HQs tend to follow a pattern that is qualitatively similar to arsenic, with most

Whitewood Creek soils at or above a level of concern, while reference areas are below a
level of concern. However, the magnitude of the exceedences for manganese are much
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smaller than for arsenic, indicating that if manganese is of concern, the severity of the
effect is likely to be minor.

As noted above, because the benchmarks used in these calculations are not based on site-specific
studies or measurements of phytotoxicity using soils from the Whitewood Creek site, and
because there can be large differences in benchmarks between sites and between published
values, the true levels of phytotoxicity in Whitewood Creek soils might be either higher or lower
than calculated. Because of this uncertainty, these HQ values for plants should only be
considered as part of the weight-of-evidence along with the results of site-specific soil toxicity
testing with the turnip seed (Brassica rapa) and ryegrass (Lolium perenne) as well as site-
specific measures of the structure and function of the plant community.

Predicted Hazards to Plants of Special Concern

The western prairie fringed orchid (Platanthera praeclara) is identified as a federally listed
threatened species and of special concern in South Dakota. No data were located on the
concentrations of metals in soils at specific locations where this species may occur, and no data
were located on the sensitivity of this species to metal-induced phytotoxicity. Therefore, no
quantitative conclusions can be drawn regarding species-specific hazards. However, it is
expected that the potential exposure and hazards for this species are similar to those for
non-protected species in the same area.

2.2 Seep Water Concentrations Compared to Phytotoxicity Benchmarks

Screening benchmarks for the protection of plants from aqueous exposures have been developed
by Oak Ridge National Laboratory (ORNL) (Efroymson et al., 1997). The screening
benchmarks developed by ORNL are assumed to be representative of exposures of plants to
contaminants measured in soil solutions (e.g., from lysimeter samples or possibly from aqueous
extracts of soil) or in very shallow groundwater (e.g., plants in the vicinity of seeps and springs).

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in
aqueous solutions. Tests are commonly conducted in this manner because plants are assumed to
be exposed to contaminants in the solution phase of soil, and the presence of soil in test systems
reduces the experimenter's degree of control over exposure (Efroymson et al., 1997). It should
be noted that these benchmarks are to serve primarily for contaminant screening and do not
account for site-specific soil and plant characteristics.
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The phytotoxicity benchmarks were derived by rank-ordering the lowest observed effect
concentration (LOEC) values and then picking a number that approximated the 10th percentile.
If there were 10 or fewer values for a chemical, the lowest LOEC was used. If there were more
than 10 values, the 10th percentile LOEC value was used. If the 10th percentile fell between
LOEC values, a value was chosen by interpolation. Since these benchmarks are intended to be
thresholds for significant effects on growth and production, test endpoints that indicate a high
frequency of lethality were not appropriate. Therefore, when a benchmark is based on an LC50
or on some other endpoint that includes a 50% or greater reduction in survivorship, the value is
divided by a factor of 5, an approximation of the ratio of the LC50 to the EC20. In all cases,
benchmark values were rounded to one significant figure. Selected benchmarks are presented in
Table 7-3, along with the corresponding HQ values. As seen, all HQ values are below 1E+00 for
all COPCs except arsenic. Arsenic seep water concentrations exceed the screening benchmark at
all stations except the USGS reference location. These results indicate that phytotoxicity from
root exposure to arsenic in seep water could be occurring. However, confidence in this
conclusion is limited, for two reasons. First, seep water may not be indicative of soil water in
the root zone of riparian area plants. Second, there is low confidence in the screening
benchmark for arsenic due to a limited number of literature values, and because the value is not
based on site-specific studies.

7.2.3 Soil Concentrations Compared to Benchmarks for Soil Organisms

Soil organisms are defined as organisms that live during an essential part of their life cycle in the
soil. This includes both soil invertebrates (e.g., worms, some insects and arthropods, etc), and
soil microbes (bacteria, fungi, etc.).

Soil organisms are important components of the terrestrial ecosystem not only because they are
prey for other species, but also because they contribute substantially to litter breakdown. Soil
invertebrates fragment and partially solubilize organic matter, while soil microorganisms
mineralize complex organic molecules to simple molecules that can be taken up by roots, or
further mineralized to CO, and H,0 (Eijsackers, 1994). Earthworms are probably the most
important soil invertebrate in promoting soil fertility (Edwards, 1992). Their feeding and
burrowing activities break down organic matter and release nutrients and improve aeration,
drainage, and aggregation of soil. Earthworms are also important components of the diets of
many higher animals.
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Soil Concentration Values

Soil concentration values used to assess risks to soil invertebrates are the same as described
above for terrestrial plants.

Toxicity Benchmarks for Soil Organisms

Soil screening benchmarks for the protection of soil organisms and microbial processes have
been developed by three different groups, including Oak Ridge National Laboratory (ORNL)
(Efroymson et al., 1977b), the National Institute of Public Health and the Environment
(Bilthoven, the Netherlands) (RIVM, 1997), and the Canadian Council of Ministries of the
Environment (CCME, 1997).

The screening benchmarks developed by Oak Ridge National Laboratory for application at
hazardous waste sites (Efroymson et al., 1997b) are derived using a method similar to that used
by NOAA to establish the ERLs and ERMs for sediment (Long and Morgan, 1990). The data
available on toxicity of a contaminant to soil organisms was reviewed and the LOEC determined.
The LOEC is defined as the lowest applied concentration of the chemical causing a greater than
20% reduction in the measured response. In some cases, the LOEC was the lowest concentration
tested or the only concentration reported (EC50 or ED50 data). The LOECs were rank ordered
and a value selected that approximated the 10th percentile. When a benchmark was based on a
lethality endpoint, the benchmark value was divided by 5 to approximate an effects
concentration for growth and reproduction. The factor was selected based on the author's
judgement. The benchmark values were then rounded to one significant figure (Efroymson et
al., 1997b). Efroymson et al. (1997b) developed screening benchmarks for earthworms and
microorganisms and microbial soil processes.

The toxicity values developed by these groups are summarized in Table 7-4. As seen, in most
cases the benchmarks developed by the different groups for each chemical vary by less than an
order of magnitude. An exception is chromium and mercury, for which the range of soil
organism TRVs is substantially wider (300-fold). Screening benchmarks for antimony and
thallium were not available. For the purposes of this assessment, if multiple benchmarks were
available, the benchmark was the geometric mean of the alternative values. These values are
shown in the right-hand column of Table 7-4.
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HQ Values for Soil Organisms

Detailed HQ calculations for soil organisms are presented in Appendix I and shown graphically
in Figure 7-2. Note that the results in these figures are plotted on a log-scale, so large
differences between HQ values are somewhat compressed. The bar for each station reflects the
variability in concentration (and hence risk) between different samples of soil from the station.
Inspection of these figures reveals the following main conclusions:

. HQ values are all at or below a level of concern for barium, boron, copper, lead, mercury,
molybdenum, nickel, silver, vanadium, and zinc. This indicates that these metals are not
likely to be of concern to soil organisms in floodplain soils.

. HQs for aluminum, iron, and manganese are greater than 1E+00 at all locations, but the
values at reference locations are generally similar to the site locations. A generally
similar pattern is observed for chromium, although the HQ exceedences are lower. This
indicates that the selected soil organism benchmark for these chemicals may over predict
risks and may not reflect soil conditions in the Whitewood Creek site.

. Arsenic HQs are above a level of concern at all site locations, and are below a level of
concern at all reference locations. This indicates that arsenic in floodplain soils at the
site may be toxic to soil invertebrates.

As was discussed above regarding the HQs for phytotoxicity, because none of the toxicity
benchmarks used in these calculations are based on site-specific studies or measurements
performed using soils from the Whitewood Creek site, and because of the variability between
different published benchmarks for soil organisms, the true levels of toxicity in site soils could
be either higher or lower than predicted. Because of this uncertainty, the HQ values for soil
organisms based on the selected toxicity benchmarks should only be viewed as part of the
weight-of-evidence approach along with the results of site-specific soil toxicity testing with the
earthworm (Eisenia foetida).

7.3 Site-Specific Soil Toxicity Tests

7.3.1 Site-Specific Soil Toxicity Tests with Plants

Site-specific tests of soil toxicity to plants are available for two species: turnip (Brassica rapa)
and ryegrass (Lolium perenne) (USEPA, 2001b). Seeds were planted in soils from five locations
on Whitewood Creek as well as four different reference soils (one each from reference locations
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on Whitewood Creek, the Belle Fourche River, and Spearfish Creek, and one laboratory control
soil). Plant emergence was measured after 7 days, and plant growth, survival, height, shoot
length, and biomass results were measured after 28 days.

Toxicity Results for Turnip Seed

Turnip seeds require a soil pH between 6.0 to 7.5 in order to germinate. For this reason, the pH
of each of the test soils was measured upon initial receipt and after five days of refrigeration.
After this time, all but two of the soils (WWC-08 and WWC—-R-01 M) were still too alkaline to
support growth, so the pH was adjusted by addition of ammonium sulfate. The pH of the soils
after adjustment and further refrigeration are shown below:

Sample Initial pH Final pH
Laboratory Control 7.80 7.49
BFR-R-10 (ref) 7.94 7.33
SPC-R-12 8.03 7.55
WWC-07 8.37 7.25
WWC-09 8.39 7.51
WWC-R-01 M* 7.28 6.89
WWC-05 8.16 7.4
WWC-06 8.12 7.5
WWC-08* 7.43 7.43

*Did not require pH adjustment

Table 7-5 presents the toxicity test results for turnip seeds, along with the measured levels of
metals in each of the test soils. It is important to note that soils collected from station WWC-R-
01 in March 1999 (designated as “WWC-R-01 M”) were later found to have elevated metals
concentrations due to the proximity of a railroad turn-around point and therefore results from this
station may not be appropriate for use as reference. With the exception of WWC-08 and
WWC-R-01 M, no emergence was observed for any of the site soils tested after 7 or 28 days of
exposure. The basis for this marked absence of plant survival is unknown, but failure to
germinate was observed in all samples treated with ammonium sulfate, while good germination
was observed in the untreated soils (including WWC-R-01 M). This finding suggests that the
ammonium sulfate treatment may have been responsible for the toxicity rather than the soil itself.
Thus, these results do not provide a reliable means of evaluating the potential phytotoxicity of
site soils.
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Toxicity Results for Ryegrass

Table 7-6 presents the toxicity test results for ryegrass seeds, along with the measured levels of
metals and pH in each of the test soils. In this test, the soil from station WWC-R-01 was
collected from a location that is not believed to be impacted by metals and is considered to be an
appropriate reference material.

As seen, emergence was at or near 100% in all cases, and time to emergence was generally
similar for all soils (5-8 days). Statistical comparisons were performed using a one-tailed t-test
to determine if the growth response (shoot length, shoot mass, and root mass) of seeds grown in
test soils was lower than for the reference soils. The results are summarized below:

. None of the growth responses for seeds grown in soils from WWC-05, WWC-06, or
WWC-08 were significantly lower than for seeds grown in soil from WWC-R-01

. None of the growth responses for seeds grown in soils from WWC-05, WWC-06, or
WWC-08 were significantly lower than for seeds grown in laboratory control soil, except
for shoot length and biomass at WWC-08 (p < 0.01)

. All of the growth responses for seeds grown in soils from WWC-05, WWC-06, or WWC-
08 were significantly lower (p < 0.01) than for seeds grown in soil from Spearfish Creek
(SPC-R-12), except for root biomass at WWC-05.

Each of the measurement endpoints (days until emergence, mean emergence (%), mean shoot
length, mean dry shoot biomass, and mean dry root biomass) was tested for a correlation with
soil concentrations of each COPC to determine if there were any significant associations. An
association of potential interest was recognized as a statistically significant (p<0.05) negative
correlation (R <-0.7) between COPC concentration and emergence, shoot length, or biomass, or
a significant positive correlation between concentration and days to emergence. The results are
shown in Table 7-7. As seen, only one such association was detected: as beryllium
concentration increased, the length of time to emergence increased. No association of potential
concern was detected for any other COPC for any of the other measures of phytotoxicity.
Because this analysis tested 125 different relationships, the occurrence of only one apparently
significant relationship could be due to chance rather than an authentic chemical-related effect.

Based on the finding that growth of ryegrass in Whitewood Creek soils downstream from Gold

Run Creek is not lower than for soil from a reference area upstream of Gold Run Creek and is
also generally similar to laboratory control soil, and that no clear correlation between
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phytotoxicity and soil concentration of any COPC could be detected, it is concluded that riparian
floodplain soils along Whitewood Creek are not significantly phytotoxic to plants. Growth of
ryegrass was substantially greater in the soil from Spearfish Creek than for any of the
Whitewood Creek soils or the laboratory control soil. The basis for this difference is not known.

7.3.2  Site-Specific Soil Toxicity Tests with Earthworms

Soil toxicity evaluations for the earthworm (Eisenia foetida) were used to provide data on the
availability and toxicity of contaminants present in site soils to soil invertebrates. Earthworm
toxicity was evaluated at five test sites on Whitewood Creek along with four reference soils,
including one reference location on Whitewood Creek (WWC-R-01), one on Spearfish Creek,
one on the Belle Fourche River, and one laboratory control soil (USEPA, 2001b). It is important
to note that soils collected from the Whitewood Creek reference station in March 1999
(designated as “WWC-R-01 M”) were later found to have elevated metals concentrations due to
the proximity of a railroad turn-around point and therefore results from this station may not be
appropriate for use as reference.

Earthworms were exposed to soils collected in two separate evaluations, a 14-day exposure and a
28-day exposure. At the end of each exposure period, information regarding earthworm
survival, length, and weight changes were recorded. These results are presented in Table 7-8.
Soil concentrations for each station are presented below the toxicity results.

Statistical comparisons were performed using a one-tailed t-test to determine which
measurement endpoints (survival, length, weight change) were different for worms exposed to
site soils compared to reference soils. The results are summarized below:

. None of the earthworms survived at WWC-05. This response is statistically significant
(p < 0.05) compared to all reference soils.

. Survival of earthworms exposed to soils from WWC-06, WWC-07, WWC-08, or WWC-
09 was not statistically different from any of the control soils.

. Mean length and mean weight were not significantly different in worms exposed for 14
or 28 days to Whitewood Creek soils compared to laboratory control soil or reference soil
from WWC-R-01-M. Compared to Spearfish Creek soil, there was a decrease in length
for worms exposed for 14 days (but not 28 days) to soil from WWC-07, and an increase
in weight loss for worms from WWC-08 and WWC-09.
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Each of the measurement endpoints (survival, average length, average weight loss) was tested
for a correlation with soil concentrations of each COPC to determine if there were any
significant associations. An association of potential interest was recognized as a statistically
significant (p<0.05) negative correlation (R <-0.7) between COPC concentration and
emergence, shoot length, or biomass, or a significant positive correlation between concentration
and days to emergence. The results are shown in Table 7-9. As seen, there are scattered
associations of potential relevance (beryllium, cobalt, and copper are associated with effects on
length at day 14, and potassium is associated with effects on weight at day 28), but none are
consistent across time (day 14 and day 28). This suggest that the apparent associations may be
random rather than authentic dose-response effects.

In conclusion, despite the high mortality observed in one soil sample (WWC-05), there is no
clear spatial pattern of toxicity and no apparent meaningful associations between any of the
earthworm toxicity measurement endpoints and any of the COPCs in soil. This suggests that
COPCs in site soil are probably not responsible for the effects observed.

7.4 Comparison of the Vascular Plant Community to Reference

Areas of stressed or absent vegetation occur at various locations along Whitewood Creek, some
of which are probably associated with the presence of tailings deposits. Presented below are
descriptions of two studies that provide information on the nature of plant communities within
and near the site, but neither of these studies provide data that correlate plant community density
or diversity to concentrations of COPC or other soil attributes (pH, organic carbon content, etc.).

Harner and Associates (1991)

Harner and Associates (1991) performed a survey of terrestrial vegetation along the lower
portion of Whitewood Creek (from Interstate 90 to the confluence with the Belle Fourche River).
The study included a quantitative assessment of the vegetation in three categories: grassland,
woodland/forest, and streamside. Comparison areas were established for grassland and
woodland/forest, but no comparison area was established for the streamside area.

Vegetation cover within the streamside unit was variable, ranging from nearly 100% cover in
areas immediately adjacent to the creek to sparse cover on gravel terraces. The vegetation
consisted mainly of rushes, sedges, and perennial forbs. Gravel terraces also contained Russian
olive and young cottonwoods. Perennial grasses comprised about 17% of the cover, while
woody species comprised about 18%. The most dominant grass was redtop, along with
quackgrass and cordgrass. Dominant forbs included ragweed, dogbane, water hemlock, thistle,
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licorice, spearmint, bugleweed, and tansy. The dominant shrub was coyote willow. Cottonwood
and willow comprised a majority of the trees present. Because of the absence of a streamside
comparison area, this study does not allow a determination of whether the nature or abundance
of terrestrial vegetation has been impacted by tailings released from the mine and deposited
along the riparian corridor.

USEPA (2001b).

USEPA ERT conducted a qualitative survey of the riparian vegetative community at three test
sites on Whitewood Creek (WWC-05, WWC-06, WWC-08), along with two reference locations
(WWC-R-01 and SPC-R-12). Dominant taxa and broad community types were identified
describing the general extent of the vegetation communities present. The plant community
identified at each of the sampling locations is qualitatively described in the following
subsections:

WWC-R-01. Reference location WWC-R-01 traversed distinct habitat zones along the
north side of Whitewood Creek. Nearest to the creek, grasses, willows, and several
wildflower species such as goldenrod (Solidago spp.) and red clover (Trifolium pratense)
were dominant vegetation. Species of raspberry (Rubus sp.), cinquefoil (Potentilla sp.),
and rose (Rosa sp.) were also found along the stream. Moving up slope from the stream,
the next zone consisted of mostly grasses and wildflowers, particularly fescue, Queen
Anne's lace (Daucus carota), and wildflowers from the Asteraceae family. The area
furthest from the stream, was dominated by evergreens such as Douglas fir (Pseudotsuga

menziesii) and ponderosa pine (Pinus ponderosa).

WWC-05. Location WWC-05, downstream and on the plains, could be characterized as
a floodplain containing grasses, shrubs, and lowland deciduous trees. The areas closest
to the stream were covered predominantly by grasses, yellow (Melilotus officinalis) and
white sweet clover (M. alba), and Russian olive. Moving away from the stream, bur oak
(Quercus macrocarpa), beech (Fagus sp.), and willows were found. There were a few
dogwood trees present (Cornus sp.) and wildflowers could be found throughout the area.

WWC-06. The area including the Berger Seep (WWC-06) could be characterized as
disturbed and dominated by grasses. It appeared as though some logging or other
activities had occurred at the location in recent years. The dominant trees were willows
and Russian olive. Wildflower species such as common tansy (7anacetum vulgare),
goldenrod, and spearmint (Mentha spicata) were present.
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WWC-08. Grasses dominated the vegetative cover at the Siphon area (WWC-08).
Willow, beech, and cottonwoods (Populus sp.) were scattered throughout the area.
Purple prairie clover (Dalea purpurea) and yellow sweet clover were the dominant
wildflower species. Near the stream, Russian olive and reed grass (Phragmites sp.) were
abundant.

SPC-R-12. A small area of cottonwoods and willows bisected the Spearfish Creek
reference location (SPC-R-12). The area between the trees and the creek was dominated
by sweet white clover, with willows and Russian olive interspersed. Within the area of
mature willows, Queen Anne's lace was prevalent. West of the zone of trees was a
mature meadow consisting of mostly grasses, with Russian olive and immature
cottonwoods scattered throughout, marking the transition zone.

The plant species identified at each sampling locations are listed in Table 7-10. As seen, the
reference location WWC-R-01 (upstream Whitewood Creek reference) was the most diverse of
any of the sites investigated (27 species of plants observed), with a trend toward decreasing
diversity as a function of distance further downstream. However, because this site is located
high in the Black Hills while the rest of the Whitewood Creek sites selected for are located at
lower elevation in the transitional region with the prairie, this site is not considered to be the
most appropriate for comparison. Rather, the Spearfish Creek reference site is considered to be
more nearly similar to the Whitewood Creek sites. Based on the Spearfish Creek site (18 total
species), Whitewood Creek station WWC-05 is judged to be similar (21 species), while sites
WWC-06 and WWC-08 are somewhat less diverse (10 species). Several fescue (Festuca spp.)
grass species were abundant throughout all locations and were the most prevalent vegetation
type at each location. Due to the time of year (August), these grasses did not have seed heads
allowing for detailed taxonomic identification. A species of willow (Salix sp.) was found at all
locations and Russian olive trees (Elaeagnus angustifolia) were present at four of the five
locations.

7.5 Comparison of Soil Functions to Reference

USEPA ERT (USEPA 2001b) conducted a study to evaluate the ecological integrity of the soil
ecosystem, including total and active biomass for bacteria and fungi, abundances of protozoans
(flagellates, amoebae, and ciliates), nematode abundances, and percent colonization of roots by
mycorrhizal fungi. These results are provided in Table 7-11. However, due to a lack of
understanding of what range of measures for these various measurement endpoints is associated
with normal and impaired soil functioning, these data were not found to be applicable to a
quantitative risk evaluation for riparian floodplain soil integrity.
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8.0 ASSESSMENT OF WILDLIFE VIABILITY

This section presents an assessment of the viability of populations of wildlife receptors that
reside in the riparian zone along Whitewood Creek. This may include a wide variety of
mammals and birds that span a variety of sizes and feeding guilds. Exposure of wildlife
receptors may occur through ingestion of contaminated surface water while drinking, ingestion
of contaminated soil or sediment while feeding, and ingestion of contaminated food web items.

8.1 Chemicals of Potential Concern for Wildlife Receptors
The procedure used to select chemicals of potential concern for wildlife in surface water,

sediment, and soil was presented in Section 3.4. The COPCs that were selected for quantitative
evaluation are summarized below:

Quantitative COPCs for Wildlife Receptors
Surface Water Sediment Soil
Arsenic, Zinc Aluminum, Antimony, Aluminum, Antimony,
Arsenic, Barium, Boron, Arsenic, Barium, Beryllium,
Cadmium, Chromium, Cadmium, Chromium,
Copper, Lead, Manganese, Copper, Lead, Manganese,
Mercury, Molybdenum, Mercury, Molybdenum,
Vanadium, Zinc Thallium, Vanadium, Zinc

Any chemical identified as a COPC for one or more abiotic media was assumed to be a COPC
for biotic (food web) items as well.

8.2 Representative (Surrogate) Species and Exposure Pathways
As discussed in Section 3.3, it is not feasible to evaluate exposures and risks for each avian and
mammalian species potentially present within the site. For this reason, specific wildlife species

are identified as surrogates (representative species) for the purpose of estimation of exposure and
risk in the ERA. The species identified as surrogate species at this site include:
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Feeding Guild Mammal Bird

Insectivore/soil invertebrates | Masked shrew American robin, Cliff swallow,
American Dipper

Herbivore Meadow Vole

Piscivore Mink Belted kingfisher

Omnivore Deer mouse

Carnivore Red fox American kestrel, Great Horned Owl

In accord with the conceptual site model (see Figure 3-1), the exposure pathways that were
evaluated for each species are as summarized in Table 8-1.

8.3 Hazard Quotient Approach for Risks from Ingestion Exposure

8.3.1 Basic Equations

The basic equation used for calculation of an HQ value for exposure of a terrestrial wildlife
receptor to a chemical by ingestion of an environmental medium is:

Conci, j % (IRj,r | BWr) x DFj,r

HO:j.r = oTRVi.r| RBA:. j.»
where:
HQ;;, = HQ for exposure of receptor “r”” to COPC “1” in medium *j”
Ci; = Concentration of COPC “1” in medium “}” (e.g., mg/kg wet weight)
IR, = Intake rate of medium “j” by receptor “r” (e.g., kg wet weight/day)
BW, = Body weight of receptor “r” (kg)
DF,, = Dietary fraction of medium “” by receptor “r” derived from site
RBA;;, = Relative bioavailability of COPC “i” in medium “j” by receptor “r”
oTRV,, = Oral toxicity reference value for COPC “i” in receptor “r”” (mg/kg-d)

Because all receptors are exposed to more than one environmental medium, the total hazard to a
receptor from a specific COPC is calculated as the sum of HQs for that COPC across all media:

HQi,V = Z HQi,j,r
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8.3.2 Exposure Areas and Exposure Point Concentrations

Exposure Areas

Wildlife receptors are generally mobile, and hence may be exposed to a range of different
concentration values in water, soil, and food web items as they move throughout their home
range. For the purposes of this assessment, the riparian zone along Whitewood Creek and the
Belle Fourche River was dived into a number of zones. These exposure zone are listed below
and are shown in Figure 8-1.

Exposure Zone Description
Whitewood Creek upstream of Gold Run Creek

WWC - Reach A (reference area for WWC - Reach B)

WWC - Reach B Whltewqod C.reek downstream of Gold Run Creek to the
Crook City bridge

WWC - Reach C Whitewood Creek downstream of the Crook City bridge to
Crow Creek confluence

WWC - Reach D Whltewooq Creek from Crow Creek confluence to Belle
Fourche River
Belle Fourche River upstream of Whitewood Creek

BFR - Reach A (reference area for BFR - Reach B)

BFR - Reach B Belle Fourche River downstream of Whitewood Creek

SPC Spearfish Creek
(reference area for WWC - Reach C & D)

These exposure zones are treated as if average concentration levels were similar at all locations
within the zone. Thus, all exposure and risk estimates should be interpreted as the average for
the zone, and individual receptors with small home ranges might have exposures that are

somewhat higher or lower than the zone-wide average.

Exposure Point Concentrations

The Exposure Point Concentration (EPC) is a conservative estimate of the mean concentration of
a COPC in a medium, averaged over the exposure zone of concern. In accordance with USEPA
guidance, averages were calculated using % the detection limit for non-detects, and the estimate
of the mean that was employed was either the 95% upper confidence limit of the mean (UCL95),
or the maximum detected value, whichever was smaller. For the purposes of this assessment, the
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95% UCL of the mean was calculated based on the assumption that the data from an exposure
area were distributed lognormally.

For biotic samples (food web items), all of the measured concentrations of COPCs are expressed
in terms of dry weight. However, all food ingestion factors (kg/day) used to estimate doses for
wildlife (presented later) are expressed in units of wet weight. Therefore, concentration values
in food items were converted from dry weight to wet weight using the following average
dry-weight to wet-weight ratios presented below.

Tissue Type g;’:gfﬂr(s(i:o}?n) Source
Vegetation/Plants 0.53 DOI (1998)
Small Mammals 0.32 Sample et al. (1997)
Terrestrial Invertebrate (e.g.: grasshoppers) 0.35 Sample et al. (1997)
Soil Invertebrate (e.g.: earthworms) 0.16 Sample et al. (1997)
Benthic Invertebrate 0.15 USFWS (1998)
Fish 0.24 USFWS (1998)
Wet weight Concentration = Dry weight concentration - CF

Table 8-2 summarizes the EPCs for each COPC for each medium for each exposure area. These
values were used to estimate the average exposure and risk to wildlife receptors in each exposure

arca.

As seen, samples of some types of food web items were not available for all exposure areas.
One way to estimate the levels of COPCs in food web items in these areas is to quantify the
relationship between soil COPC concentration and the concentration in the food web item
observed at other locations, and to use this equation to predict values. Appendix J summarizes
the data that were collected by USEPA (2001b) with the objective of establishing empiric site-
specific relationships between COPC levels in soil and in various types of food web items.

However, the observed relationship between COPC concentrations in soil and in most types of
food web items is not strong. In order to be meaningful, the slope of the equation relating soil to
food web item must be significantly greater than zero, and the coefficient of determination (R?)
value must be relatively high (e.g., 0.5 or above). At this site, of 70 different relationships
between soil and biotic tissue concentrations that were evaluated, only 9 (13%) met this
definition. Likewise, for sediment, only 3 of 28 (11%) were meaningful. Indeed, in many cases,
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the concentration of some COPCs in food items tended to decrease as soil or sediment
concentration increased (see Appendix J). This lack of apparent correlation is probably
attributable to several factors, potentially including analytical variability in both the soil and
food web items, variability in the concentration in the tissues of food items as a function of age
and species, and relatively low uptake rates of most COPCs from soil into food web items.
Regardless of the cause for the apparent lack of correlation, the data are not considered to form a
reliable means for estimating food web concentration values at locations where no direct
measurements were obtained. Because of this, food web exposures were not evaluated in
exposure areas where food web data were lacking. As shown below (see Section 8.3.6), this
approach is not likely to result in a substantial underestimate of exposure and risk, since risks to
most receptors are due to soil or sediment intake rather than food web exposures.

8.3.3 Wildlife Exposure Factors

Exposure parameters and dietary intake factors for each receptor for each medium were derived
from the Wildlife Exposure Factors Handbook (USEPA, 1993a), as well as a variety of other
sources. In some cases, no quantitative data could be located, so professional judgement was
used in selecting exposure parameters. Parameter details and life histories for selected receptors
are presented in Appendix B, and the values selected are summarized in Table 8-3 and Table 8-4.
All intake values shown in these tables are expressed in terms of wet weight except for soil and
sediment, which are expressed as dry weight.

In all cases, the DF term (the fraction of the total dietary intake that comes from within the
exposure zone) was assumed to be 1.0. This assumption was used because each of the exposures
zones is relatively large, and most terrestrial receptors being evaluated are expected to derive
nearly all of their food from the riparian zone along Whitewood Creek or the Belle Fourche
River. If any receptors were to derive a significant portion of their diet from areas outside of the
zones being evaluated, estimated doses and risks could be lower than predicted.

8.3.4 Wildlife TRVs and Relative Bioavailability Factors

Toxicity Reference Values (TRVs) were identified for each COPC for each receptor based on a
critical review of published toxicity data. Two secondary sources (Sample et al., 1996, PRC
1997) were used to help identify key toxicity papers. Any paper which was considered by the
authors of these reports was obtained and reviewed independently to determine the relevance and
reliability of the data for setting a TRV for the representative wildlife receptors of concern.
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Two different types of TRVs were developed for each COPC for each receptor. The first type is
based on a reported exposure level (dose) that is not associated with any adverse effects to the
test organism. This is referred to as the No Observed Adverse Effect Level (NOAEL) based
TRV. The second type of TRV is based on a reported exposure level that causes an observable
adverse effect, and is referred to as the Lowest Observed Adverse Effect Level (LOAEL) based
TRV. This range of TRVs is one way to "bracket" the true threshold for adverse effects.

In all cases, the TRV is expressed in units of ingested dose. However, the value of the TRV
depends on how much of an ingested dose is actually absorbed, which in turn depends on the
properties of both the chemical and the dose medium. Ideally, toxicity studies would be
available that establish empiric TRVs for all site media of concern (water, food, soil, sediment).
However, most laboratory tests use either food or water as the exposure medium, and essentially
no studies use soil or sediment. Therefore in cases where a TRV is based on a study in which
the oral absorption fraction is different that what would be expected for a site medium, it is
necessary to adjust the TRV to account for the difference in absorption:

TRV (site medium) = TRV (study medium) - ( Absorption from study medzumj
Absorption from site medium

The ratio of absorption from the study medium compared to absorption from site medium is
referred to as the relative bioavailability (RBA).

When toxicity data were available from studies in food or water, but not both, the RBA for a
COPC in food compared to that for water or other soluble forms (e.g., capsule) was assumed to
be 0.5 (50%). That is:

TRV, = TRV, % 0.50

TRV, = TRV /0.50

water or capsule
This adjustment factor of 50% is based on professional judgement, but is supported by evidence
that metals in water or capsule typically exist in a readily bioavailable form, and that dietary
materials (proteins, carbohydrates, other minerals) tend to bind metals and/or compete for uptake
sites, hence reducing their bioavailability. This concept has been used previously by USEPA in
the derivation of diet- and water-based Reference Doses for cadmium and manganese.

Absorption of metals from soil and sediment depend on a number of factors, including the
physical/chemical form of the chemical and the particle size. These properties can vary widely
from site to site, so in the absence of any site specific data, it was assumed that COPCs in soil
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and sediment are absorbed to the same degree as COPCs in food. It is considered likely that this
approach may tend to overestimate exposure and risk from ingestion of soil and tailings for some
COPCs, but this is not known for certain.

When no reliable toxicity data could be located for a receptor of concern, it was necessary to
extrapolate toxicity data from studies using another type of receptor. In addition, in some cases
available toxicity data were too limited to allow precise definition of NOAEL and LOAEL
values for relevant endpoints. To account for these data gaps, each TRV was derived from the
study dose level identified as the NOAEL or LOAEL by dividing by an Uncertainty Factor (UF)
as follows:

TRV = Study Dose / UF

The value of UF was calculated as the product of a series of sub-factors, as shown in Table 8-5.
In general, USEPA Region 8 recommends that HQ values be calculated only in cases where the
total UF used to derive a TRV is less than 100. For all wildlife TRVs derived for this
assessment, the total uncertainty factors were below 100.

Appendix K summarizes the primary literature publications which were reviewed on the toxicity
of each chemical, identifies the estimated NOAEL and LOAEL values selected for each receptor
and each chemical, provides the uncertainty factors selected in accord with Table 8-5, and
provides the final TRVs that are judged to be appropriate for this site. These TRVs are
summarized in Table 8-6.

8.3.5 Predicted HQ and HI Values for Ingestion Exposures

Appendix L presents detailed calculations of exposure and risk to each surrogate receptor from
each COPC for each exposure medium of concern (see Table 8-1). The results, expressed as the
HI for each COPC in each exposure zone, are shown in Table 8-7(a to k). Inspection of these
tables reveal the following main conclusions:

. For the great horned owl and the American dipper, predicted HI values do not exceed a
level of concern for any COPC at any location

. Several COPCs (including aluminum, antimony, barium lead, manganese, molybdenum,
thallium, and vanadium) are predicted to cause HI values above 1E+00 for one or more
receptors, but in all cases the HI value exceeds a value of 1E+00 in one or more reference
areas as well as site areas. This suggests that the TRVs and/or the RBA values for these
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COPCs may be too conservative, since toxicity is not expected to be significant in
reference areas. Thus, these HI values should be not be interpreted as strong evidence of
potential harm.

. Arsenic is predicted to cause HI values well above 1E+00 for a majority of receptors in
most site exposure zones, but not in any reference zones. These elevated HI values are
due almost entirely to ingestion of soil or sediment while feeding (see Appendix L), with
relatively little contribution from water or food web items. This indicates that arsenic in
soil or sediment might pose a health risk to a majority of wildlife receptors, including
representatives of nearly all feeding guilds.

All of the calculations above assume that wildlife receptors will ingest all of their drinking water
directly from Whitewood Creek. However, some receptors any ingest some water from seep
areas as well as from the creek. In order to assess the potential risks from seep water ingestion, a
screening level assessment was performed assuming 100% of all water ingested was derived
from seeps. The results (presented in Appendix L) indicate that seep water would not be a
source of concern to any wildlife receptor.

8.4  Direct Observations on Wildlife Species at the Site

8.4.1 Tissue Burdens in On-Site Receptors Compared to Reference

An alternative approach to estimating the exposure of wildlife species is to measure the
concentration of COPCs in their tissues and to compare those measured concentrations to levels
measured in receptors from reference areas. This approach has the advantage that it integrates
exposures over all sources (surface water, soil, sediment, food web), and accounts for any site-
specific factors that might increase or decrease exposure compared to laboratory conditions. If
exposures are not higher in site areas than reference areas, it is considered unlikely that the
COPCs are of health concern. Iftissue levels are significantly increased, this is direct evidence
of increased exposure, but may or may not be indicative of a potential toxic effect.

Tissue Burdens in Small Mammals

At this site, data on COPC concentrations in small mammal tissues were collected by USEPA
(2001b). These data are presented graphically in Appendix M. Statistical comparisons of the
data were not performed because many date sets contain only 1-3 data points (too few to support
a meaningful comparison), and because a number of data sets are heavily influence by non-detect
values. Thus, comparisons between reference locations and site locations was performed
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qualitatively, based on visual inspection of the graphs. Based on this approach, only one
chemical (arsenic) was judged to occur at clearly and consistently increased concentrations in
animals collected from Whitewood Creek sites compared to either the Whitewood Creek or the
Spearfish Creek reference areas. The results for arsenic are shown in Figure 8-2. Note that this
finding demonstrates that small mammals have increased exposure to arsenic, but in the absence
of a tissue level of arsenic that is associated with adverse health effects, this finding alone should
not be interpreted as proof that arsenic is causing an adverse effect in small mammals.

Tissue Burdens in Birds

In 1997, swallow nest boxes were placed at the Whitewood Creek siphon (WWC-08) and the
Kiery property (WWC-09) as well as at reference locations on Bear Butte Creek in a nearby
portion of the Black Hills and the North Platte River near Casper, Wyoming (Custer, 1997).
Each box was visited regularly during the nesting period and the number of eggs or young
present were recorded. Samples of the eggs, carcasses, liver and diet of the nestlings were
analyzed for arsenic content. The results are summarized below.

Mean Concentration of Arsenic (ug/g dry weight) (N)

Sample Whitewood Creek Reference
Type

House Tree Barn Cliff House Tree

Wren Swallow Swallow Swallow | Wren (a) | Swallow (b)
Egg ND (6) ND (1) 30 (1) ND (1) ND (3) ND (1)
Liver 3.2 (6) ND (1) 2.7(1) ND (1) ND (3) ND (1)
Chick 14 (6) ND (1) 1.7 (1) 0.8 (1) ND (3) ND (1)
Diet 103 (1) 0.6 (1) 23 (1) 52 (1) ND (1) 1.4 (1)
Nest mud -- -- 810 (1) 202 (1) -- --

(a) Reference = Casper, WY
(b) Reference = Bear Butte, SD

Inspection of this table reveals that arsenic was detectable in several types of tissues from birds
from Whitewood Creek, but not from the reference areas. Arsenic was detectable in the diet
(stomach contents) of birds from Whitewood Creek and Bear Butte (reference), but levels were
generally higher for Whitewood Creek than the reference area. These data indicate that birds
from Whitewood Creek have higher exposure to arsenic than birds from the reference area.
However, in the absence of other information, this should not be considered to be evidence of an
arsenic-related adverse effect.
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4.2  Small Mammal Organ Weight and Histopathology

Another way to evaluate the potential impacts of site chemicals of terrestrial receptors is to
evaluate field specimens for differences in body or organ weight or the nature and severity of
histological lesions compared to specimens from reference areas. Data of this type were
collected for small mammals by USEPA (2001b), and the results are summarized below.

Organ Weight

USEPA (2001b) collected data on body weight and liver, spleen and kidney weight, for the
masked shrew, field mouse, and meadow jumping mouse. The ratio of the organ weights to
body weight are plotted in Figure 8-3. Inspection of this figure reveals the following:

. There is no clear difference in relative liver weights or relative kidney weights in small
mammals collected from White Creek sites compared to reference sites

. There is a tendency for relative spleen weights to be higher in animals from Whitewood
Creek sites than reference locations, but the increase in spleen weight could not be
correlated with concentrations of any COPC measured in whole body tissue. The cause
of this observed effect is unknown.

Histopathology

USEPA (2001b) performed histopathological examination of samples of liver, spleen, and
kidney from the masked shrew, field mouse, and meadow jumping mouse. These results are
summarized in Table 8-8. As seen, there appears to be an general increase in the incidence of
abnormal histopathology in the spleen, liver, and kidney from small mammals collected onsite
compared to the reference areas. Statistical comparisons based on a test of proportions between
the incidence of abnormal results at each on-site location and the consolidated reference areas
are summarized below:

Statistical Significance (p value) vs Combined Reference Areas
Location
Liver Kidney Spleen
WWC-05 0.831 0.500 0.085
WWC-06 0.181 0.500 0.005
WWC-08 0.111 0.015 0.348
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As seen, two of the results (kidney abnormalities at WWC-08 and spleen abnormalities at WWC-
06) are significantly different than for the reference areas, but the lack of a consistent effect
across locations decreases confidence that these effects are COPC related.

8.4.3 Population Studies

Several surveys have been performed to identify species of birds and mammals that reside within
or near the Whitewood Creek site (Harner and Associates 1990a, 1990b; Knowles 1996a,

1996b). The surveys, described previously in Section 2.5, included information from multiple
observation stations established in riparian habitat along Whitewood Creek and in grassland
habitat adjacent to Whitewood Creek. These surveys established that there are a large number of
avian and mammalian species present in and about the site (see Tables 2-4 and 2-5). However,
simple observation of the occurrence of wildlife species in the site area is not evidence that
mining-related wastes are having no effect. This type of conclusion would require a reliable
quantitative estimate of the species density and diversity that would be expected in the absence
of any mining-related impacts, and a reliable statistical comparison of those expected values with
the observed values. However, performing such a comparison is very difficult, for several
reasons: a) quantitative measurement of the density of mobile wildlife species is difficult, b) the
density depends on a large number of independent variables, and density can vary widely from
place to place and from time to time, even in the absence of mining-related chemical stress, and
c) selection of an appropriate reference area for making quantitative comparisons is very
difficult. Thus, these studies may be viewed as evidence that mine-related impacts on the
terrestrial vertebrate community have not resulted in any clear and obvious effects, but should
not be cited as evidence for a total absence of potential effects.
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9.0 ASSESSMENT OF AMPHIBIAN COMMUNITY VIABILITY

This section presents an assessment of the viability of the amphibian community that resides
along Whitewood Creek. The diversity, density, and reproductive success of amphibians are
often sensitive indicators of environmental stress.

Section 6 (above) presented an evaluation of risks to the aquatic community based on a
comparison of measured concentrations of COPCs in surface water to the corresponding AWQC
values. It is important to recognize that although the AWQC value is sometimes interpreted as
being protective of all aquatic species, this is not the case. Rather, the AWQC value for each
COPC is intended to protect 95% of all aquatic species for which there are adequate toxicity
data. However, toxicity data are often sparse for amphibians, and the final data sets used to
derive AWQC values for the COPCs in surface water at this site (aluminum, copper, cyanide,
lead, selenium, silver) did not include any amphibian data. Therefore, an alternative approach is
needed to assess potential risks to amphibians, as presented below.

9.1 Amphibian Toxicity Benchmarks

USEPA’s AQUIRE database summarizes acute toxicity data (LC50 values) for several species of
amphibians for all of the COPCs in surface water at this site except cyanide. In accord with the
approach used in derivation of AWQC values, the acute TRV is defined as the LC50/2. Acute
TRVs generated in this way are assumed to be close to LCO values. These values are
summarized in Table 9-1.

9.2  Comparison to Surface Water Concentration Values

Figure 9-1 presents a graphical comparison of the measured distribution of dissolved COPCs in
surface water to the set of amphibian TRVs presented in Table 9-1. For convenience, the
corresponding acute and chronic AWQC values are also shown. Inspection of Figure 9-1 reveals
the following main points:

. Most AWQC values are sufficiently low that many (but not all) amphibian species would
be protected by the AWQC values.

. Concentration values of dissolved aluminum in surface water in Whitewood Creek might

occasionally reach a level of concern for the Eastern narrow-mouthed toad, but other
amphibian species for which toxicity data exist are not at risk from dissolved aluminum.
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Because the concentration of aluminum shows little spatial pattern, aluminum
concentrations are probably not substantially increased by mine-related releases.

. Concentrations of dissolved copper, lead, and selenium do not exceed a level of concern
based for any of the species for which toxicity data are available.

. Concentrations of dissolved silver reach or exceed a level of concern for two amphibian
species (Eastern narrow-mouthed toad, common Indian toad) in the upper reaches of
Whitewood Creek, but not at stations below the Berger Seep.

These results suggest that some (but not all) amphibian species may be at risk from dissolved
silver in surface water in Whitewood Creek, especially the upstream portion below Gold Run
Creek.

9.3 Comparison to Seep Water Concentration Values

As discussed in Section 6-4, data on the concentration of total recoverable COPCs in seep water
are available from USGS (2000) for five Whitewood Creek seeps (23R, 23L, 31L, 32L, and 33L)
and one reference location, and from ERT (USEPA, 2001a) at four stations along Whitewood
Creek (WWC-06, WWC-07, WWC-08, and WWC-09). The concentration values detected in
these seeps and a comparison of those values with acute TRVs (based on total recoverable
metals) for amphibians are shown in Figure 9-2. Inspection of Figure 9-2 reveals that, with the
exception of a few data points for aluminum and one data point for lead, concentrations of
COPCs in seep water are below a level of concern for all of the amphibian species for which
TRVs could be located. This suggests that seep waters are not likely to be a significant source of
exposure or risk to amphibians who may have direct contact with the seep water.

9.4 Risk of Toxicity to Amphibians from Sediment

As discussed in Section 3, amphibians may come into direct contact with sediments, and might
ingest some sediments during feeding. Although toxicity data are not available to support risk
evaluation risks to amphibians from direct contact with sediments, this exposure pathway is
likely to be minor compared to direct contact with COPCs in surface water or seep water.
Therefore, risks to amphibians from direct contact with sediment are considered to be of minor
concern, and are not evaluated quantitatively.
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10.0 UNCERTAINTIES

Quantitative evaluation of ecological risks is limited by uncertainty (lack of knowledge)
regarding a number of important data, exposure, toxicity, and risk factors. This lack of
knowledge is usually circumvented by making estimates based on whatever limited data are
available, or by making assumptions based on professional judgement when no reliable data are
available. Because of these assumptions and estimates, the results of the risk calculations are
themselves uncertain, and it is important for risk managers and the public to keep this in mind
when interpreting the results of a risk assessment.

This section summarizes the key sources of uncertainty influencing the results of the ERA. The
discussion of uncertainties is organized according to the components of the ERA.

10.1 Uncertainties in Problem Formulation

10.1.1 Selection of Receptors

Risks to wildlife are assessed for a small subset of the species likely to be present in the
Whitewood Creek Site. The representative wildlife species selected for quantitative evaluation
represent a range of taxonomic groups and life history types. An effort was made to select
species representing the full range of possible exposures present in the area. These species may
not, however, represent the full range of sensitivities present. The species selected may be either
more or less sensitive to contaminant exposures than typical species located within the area. In
particular, the relative sensitivities of reptiles and amphibians as compared to birds or mammals
are unknown. It is assumed that the risks to these organisms are at least qualitatively similar to
risks to birds and mammals. However, specific amphibian and reptile species were not selected,
as toxicity data for ingestion exposures to contaminants is limited.

10.1.2 Selection of Exposure Pathways

The exposure pathways selected for evaluation in the ERA are not inclusive of all potential
exposure pathways for all ecological receptors. Pathways were excluded from quantitative
evaluation either because they are believed to be minor, or because available data are not
adequate to support a meaningful quantitative evaluation.

Exposure pathways that could not be evaluated in the ERA included:
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Agquatic Plants. Toxicity benchmarks are not available for the exposure of aquatic plants
through direct contact with COPCs in sediment. As a result, this exposure pathway could not be
evaluated, resulting in a possible underestimation of risks.

Benthic Invertebrates. Data on the impacts to aquatic macroinvertebrates from ingestion of
contaminated food items are sparse (Rainbow and Dallinger, 1993; Timmermans, 1993).
Although the general consensus is that uptake from food is usually less than from water
(Clements, 1991), available data are sufficient to establish that the ingestion pathway can be an
important source of exposure to some aquatic macroinvertebrates (Timmermans et al., 1992),
and that dietary exposures can be capable of limiting growth in at least some cases (Duddridge
and Wainwright, 1980). Based on the lack of data on the toxicity of metals in food chain items
on aquatic invertebrate receptors, quantitative prediction of hazard using the traditional HQ and
HI approach is not yet possible. To the extent that dietary exposures tend to be less important
than water exposures in at least some species, failure to quantify the hazard from the ingestion
pathway may not lead to a substantial underestimation of total hazard. However, the food
pathway may be more important than the water pathway for some metals and/or some receptor
species. Therefore, the inability to quantify hazard from ingestion exposures is a potential
source of uncertainty that may tend to underestimate impacts of metal contamination on aquatic
macroinvertebrate receptors.

Fish. Although fish ingest surface water during feeding activities, it is assumed that this
pathway of exposure is insignificant relative to direct contact with surface water and ingestion of
food items. Therefore, this pathway was not evaluated resulting in a possible underestimation of
risks. In addition, data on measured COPC concentrations in the tissues of aquatic plants was
not available for the Whitewood Creek Site area. As a result, it was not possible to evaluate

hazards to fish from the ingestion of aquatic plants which may underestimate the total risks for
fish.

Amphibians. There is very little information available regarding the dietary toxicity of
chemicals to amphibians. The data that is available is based upon aqueous exposures and
evaluate the toxicity of chemicals through direct contact. Based on the lack of toxicity data for
dietary exposures to amphibians, all pathways of ingestion could not be evaluated. Therefore,
the inability to quantify hazard from ingestion exposures is a potential source of uncertainty that
may tend to underestimate impacts of metal contamination on amphibian receptors.

Terrestrial and Soil Invertebrates. No information was available on the toxicity of chemicals in

soil solution for terrestrial or soil invertebrates. Without toxicity data, a screening benchmark
could not be established for the direct contact exposure of soil invertebrates to seep waters which
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have leached into soil and this exposure pathway was not evaluated. Benchmarks were also not
available for the dietary exposure of terrestrial invertebrates, therefore exposures from the
ingestion of plants and incidental ingestion of soil could not be evaluated. As a result, calculated
risks my underestimate the total risks for terrestrial and soil invertebrates.

All Wildlife Receptors. Although selected wildlife receptors may have direct contact with
COPCs in surface water, sediment and soil, it is assumed that these pathways of exposure are
insignificant relative to ingestion exposures. This is also true with respect to inhalation
exposures; it is assumed that risks from inhalation do not contribute significantly to total risks
relative to dietary exposures.

10.2 Uncertainties in Exposure Assessment

10.2.1 Qualitative COPCs

As discussed in Section 3, any chemical that was detected in a site medium but which lacks a
toxicity value was assigned to a list of Qualitative COPCs (Type 1). Likewise, chemicals that
were detected infrequently (<5%), but which had detection limits that were too high to expect
the chemical would be detected even if it were present at a level of concern, were assigned to the
Qualitative COPC list (Type 2). Table 10-1 summarizes these qualitative COPCs . As seen, a
number of such chemicals exist. The inability to quantify the hazard from these chemicals could
lead to an underestimation of hazard to some ecological receptors.

With respect to Type 1 qualitative COPCs, absence of a TRV for a chemical is sometimes due to
the fact that toxicological concern over that chemical is low. Thus, chemicals that lack TRVs are
often supposed to be relatively less hazardous that those for which TRV exist (although there
are likely exceptions to this rule). If so, risks from qualitative Type 1 COPCs at this site are
likely not of substantial concern. Similarly, qualitative Type 2 COPCs are not likely to be a
source of substantial concern (even if the detection limit is low), since if the chemical were site
related or if it were present at a level of substantial health concern, it likely would have been
detected more often. Thus, risks from qualitative Type 2 COPCs at this site are also not likely to
be of substantial concern.

10.2.2 Environmental Concentrations

In the exposure assessment, the desired input parameter is the true mean concentration of a
contaminant within a medium, averaged over the area where exposure occurs. Nearly all of the
calculations of receptor exposure and risk begin with measurements of the COPCs in
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environmental media. As has been noted in preceding sections, even though there is an
extensive database for each of these media, because of the size of the site and because of the
substantial variability in concentration values over time and/or space, there is still uncertainty in
the true concentration values at any particular site location.

At some locations, COPC concentrations in some prey (food) items (plants, soil invertebrates,
terrestrial invertebrates, and small mammals) were not available, and site-specific relationships
between soil and the food web item were not robust enough to allow estimation by modeling.
Thus, exposure via food web intakes was not quantified at some locations. This will result in an
underestimation of exposure and risk, but based on results from other locations where food web
data were available, the magnitude of the error is probably small.

Uncertainties in exposure concentration estimates may also arise from variability in sampling
and analysis. For example, samples collected for analysis may not be entirely representative of
the area being sampled, and random variations in analytical results may lead to small errors in
the estimated concentrations in site media. In general, uncertainties related to sampling and
analysis are small compared to other sources of uncertainty, and are not a significant source of

concern.

For aquatic and soil receptors, exposures are based on the distribution of values measured in
individual samples of water, sediment, or soil. For terrestrial wildlife receptors, exposure is
based on a conservative estimate of the mean (the 95% UCL or the maximum value). This
approach is likely to result in an overestimate of exposure and risk to wildlife.

10.2.3 Wildlife Exposure Factors

Even if the concentrations of metals were known with accuracy in all abiotic and all biotic media
(food web items), the actual intake of the COPCs by site wildlife receptors would still be
uncertain because of the lack of site-specific knowledge of the actual intake rates. The food,
soil, water, and sediment intake (ingestion) rates used to estimate COPC doses are derived from
literature reports of intake rates by receptors at other locations. These rates may or may not
serve as appropriate models for site-specific intake rates at this site. Ingestion-related exposure
assumptions for wildlife are based on literature-derived information concerning average body
sizes, diet compositions, consumption rates, and metabolic rates. Much of this information is
derived from laboratory-reared animals and may not be representative of feral organisms.
Moreover, the actual diet composition of an organism will vary daily and seasonally. In
addition, some wildlife receptor-specific intake rates are estimated by extrapolation from data on
a closely related species or by use of allometric scaling equations (scaling of intake rates based
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on body weights). This introduces further uncertainty into the exposure and risk estimates.
These uncertainties could either under- or overestimation the actual exposures of wildlife to
COPCs in water, sediment, soil, and diet.

10.2.4 Uncertainty in Absorption From Ingested Doses

The toxicity of an ingested chemical depends on how much of the chemical is absorbed from the
gastrointestinal tract into the body. However, the actual extent of metal absorption from ingested
media (soil, sediment, food, and water) is usually not known. The hazard from an ingested dose
is estimated by comparing the dose to an ingested dose that is believed to be safe, based on tests
in a laboratory setting. Thus, if the absorption is the same in the laboratory test and the exposure
in the field, then the prediction of hazard will be accurate. However, if the absorption of
chemical from the site medium is different (usually lower) than occurred in the laboratory study,
then the hazard estimate will be incorrect (usually too high). In this assessment, estimates of
wildlife exposure due to incidental soil and sediment ingestion conservatively assume a relative
bioavailability of 100%. This assumption may overestimate contaminant doses to wildlife doses,
since absorption efficiencies for most metals are lower in soil and sediment than in most
laboratory studies.

10.3 Uncertainties in Effects Assessment

Toxicity information for many contaminants is often limited. Consequently, there are varying
degrees of uncertainty associated with the wildlife toxicity reference values. Sources of
uncertainty associated with toxicity values are listed below:

. Toxicity data are not available for all of the species of potential concern at the site. Thus,
it is sometimes necessary to estimate toxicity values for a receptor by extrapolating
across species. This extrapolation introduces substantial uncertainty into the toxicity
value, usually by assuming that the species for which data are lacking might be more
sensitive that the species for which data are available. This approach is more likely to
overestimate than underestimate risk to ecological receptors.

. The literature-derived data used to identify toxicity benchmarks contain uncertainties
related to the application of generic data to site-specific conditions. The toxicity
benchmarks identified for the ERA are based on data from a wide range of sites and
conditions, many of which may be quite different from the conditions at the Whitewood
Creek Site. In some cases, site-specific factors that may tend to modify (often decrease)
the toxicity of metals in surface water, sediments, and soil. For example, metals in
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surface water may be bound to soluble organic materials that reduce the tendency for the
metal to bind to respiratory structures of fish or benthic organisms. Similarly, the
presence of organic matter in soil, along with other substances, may have a significant
influence on actual toxicity. Thus, risks based on literature-derived toxicity factors may
sometimes overestimate risk from site media.

. Most TRV values are derived from studies of the adverse effects of a single contaminant.
However, exposures to ecological receptors usually involve multiple contaminants,
raising the possibility that synergistic or antagonistic interactions might occur. This sort
of interaction is of particular importance with regard to metals, since it is known that the
absorption and toxicity of some metals interact in complex ways. However, data are not
adequate to permit any quantitative adjustment in toxicity values or risk calculations
based on inter-contaminant interactions. This uncertainty may result in over- or
underestimates of risk.

. In some cases, TRV data are available only for high dose exposures, and extrapolation to
low doses (similar to those at the site) is a source of uncertainty. Likewise, some TRVs
are based on relatively short-term exposures, and extrapolation to long-term conditions is
uncertain, especially for chemicals that tend to build up in the exposed organism.

10.4 Uncertainties in Risk Characterization

The basic HQ approach used for estimating exposure and hazard to terrestrial receptors is to
estimate the dose and the HQ for each COPC separately, and then to add HQs for a given
chemical across all exposure pathways to derive a chemical-specific hazard index (HI). In
accordance with USEPA guidance, effects from different COPCs are not added unless reliable
data are available to indicate that the two (or more) chemicals act on the same target tissue by the
same mode of action. At this site, HI values for each COPC were not added across different
chemicals. If any of the chemicals were act by a similar mode of action, total risks could be
higher than estimated.

10.5 Summary of Uncertainties

Based on all of these considerations, the HQ and HI values calculated and presented in this ERA
section should be viewed as having substantial uncertainty. Because of the inherent
conservatism in the derivation of most of the exposure estimates and the TRVs, these HQ and HI
values should generally be viewed as being more likely to be high than low, and should be
interpreted in a weight-of evidence approach based on other types of available information as
well.
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11.0 WEIGHT OF EVIDENCE EVALUATION

At this site, three basic types of information are available to help assess the potential impacts of
site contaminants on ecological receptors:

HQ and HI Values

HQ values are derived by comparing an estimate of exposure at the site to a literature-based
exposure level that is believed to cause no or minimal toxic effects:

Site Exposure

Reference Exposure

HQ values less than 1E+00 indicate that adverse effects are not expected, while values above
1E+00 indicate effects may occur. Because HQ values are not based on site-specific toxicity
data, they do not account for site-specific factors that may either increase or decrease the toxicity
of the metals compared to what is observed in the laboratory. For metals, this may include, for
example, differences in the physical/chemical form of the metal and hence in the bioavailability
and toxicity of the metals in site media compared to laboratory tests. Therefore, HQ values
should be interpreted as estimates rather than highly precise predictions.

Site-Specific Toxicity Studies

Site-specific toxicity tests measure the response of receptors that are exposed to site media. The
chief advantage of this approach is that site-specific conditions which can influence toxicity in
site media are usually accounted for. A potential disadvantage is that, if toxic effects are
observed to occur when test organisms are exposed to site media, it is usually not possible to
specify which chemical(s) is (are) responsible for the effect. Rather, the results of the toxicity
testing reflect the combined effect of the mixture of chemicals present in the site medium,
including all of the metals of potential concern as well as any other toxic chemicals which might
be present. In addition, it is often difficult to test the full range of environmental conditions
which may occur at the site across time and space, so these studies are not always adequate to
identify the boundary between exposures that are acceptable and those that are not.

Direct Observations of Receptor Diversity and Abundance

A third approach for evaluating impacts of environmental contamination on ecological receptors
is to make direct observations on the receptors in the field, seeking to determine whether any
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receptor population has unusual numbers of individuals (either lower or higher than expected), or
whether the diversity (number of different species) of a particular category of receptors (e.g.,
plants, benthic organisms, birds) is lower than expected. The chief advantage of this approach is
that direct observation of community status does not require making the numerous assumptions
and estimates needed in the HQ approach. However, there are also a number of important
limitations to this approach. The most important of these is that both the abundance and
diversity of an ecological population depend on many site-specific factors (habitat suitability,
availability of food, predator pressure, natural population cycles, meteorological conditions,
etc.), and it is often difficult to know what the expected (un-impacted) abundance and diversity
of an ecological population should be in a particular area. This problem is generally approached
by seeking an appropriate "reference area" (either the site itself before the impact occurred, or
some similar site that has not been impacted), and comparing the observed abundance and
diversity in the reference area to that for the site. However, it is sometimes quite difficult to
locate reference areas that are truly a good match for all of the important habitat variables at the
site, so comparisons based on this approach do not always establish firm cause-and-effect
conclusions regarding the impact of environmental contamination on a receptor population.

Weight of Evidence Approach

As discussed above, each of the methods available for evaluating potential impacts of
environmental pollution on ecological receptors has advantages and limitations. For this reason,
conclusions based on only one method of evaluation may be misleading. Therefore, the best
approach for deriving reliable conclusions is to combine the findings of all methods for which
data are available, taking the relative strengths and weaknesses of each method into account. If
the methods all yield similar conclusions, confidence in the conclusion is greatly increased. If
different methods yield different conclusions, then a careful review must be performed to
identify the likely basis of the discrepancy, and to decide which method is more likely to yield
the correct conclusion.

Scoring Evaluation of Observations

Evaluation of the weight of evidence on a particular issue is a process that generally requires
professional judgment. It is usually helpful to begin by summarizing all of the observations that
bear on a particular issue, and then deciding how relevant and how convincing each observation
is. That is, does the observation clearly imply that the COPCs have caused a particular effect
(e.g., acute lethality), or are there other credible interpretations that might account for the
observation? For this ERA, the following qualitative scheme has been used to summarize the
results of individual studies or lines of evidence:
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Effect Score Criteria

Score Meaning

Strong evidence that a site exposure is causing

++
an adverse effect
. Evidence is consistent with, but not proof, that
a site exposure is causing an adverse effect
0 Evidence neither supports nor refutes that a

site exposure is causing an adverse effect

Evidence is consistent with, but not proof, that
a site exposure is not causing an adverse effect

Strong evidence that a site exposure is not
causing an adverse effect

Note that it is not appropriate to simply "average" all of the scores that bear on a particular issue,
since different observations are usually not equally relevant. Rather, professional judgement
must be used to weight the relative scientific merits of the different types of observations.

11.1 Stream Viability and Function

Table 11-1 summarizes data from the site that bear on the assessment of stream viability and
function. The observations are grouped to address each of the testable hypotheses identified in
Table 3-4, and important strengths and limitations in the available data are noted. Based on a
consideration of all of the information, a weight of evidence conclusion is derived regarding
each hypothesis.

Table 11-2 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding the potential for risk to aquatic receptors from each potential
exposure medium, as well as an overall conclusion regarding stream function and viability. As
shown in Table 11-2, key conclusions are as follows:

. Risks to aquatic receptors from most COPCs in surface water are generally below a level
of concern, although some low level and intermittent stress may occur. Cyanide is not
likely to be of concern to stockable size fish, but available data are not sufficient to
determine if sensitive life stages of fish or BMI may be at risk from cyanide.



. Risks to aquatic receptors from COPCs in sediment and pore water do not appear to be
above a level of concern at most stations, although risks from arsenic and cadmium might
be of concern in some locations.

. Seep water is a source of increased COPC concentrations in Whitewood Creek.
However, the seep water has little apparent toxicity, and any exposures of aquatic
receptors to seep water are minimized by dilution of the seep water in the creek.

. Exposures of aquatic receptors by ingestion of aquatic prey items and/or sediment do not
appear to be of concern.

. Population surveys of fish and benthic invertebrates indicate the communities are
generally abundant and diverse, although the possibility of an impact cannot be excluded
from these data.

Based on these findings, it is concluded that COPCs in the aquatic ecosystem may result in some
stress to aquatic receptors, but that the level and severity of any effects are probably not

substantial.

11.2 Riparian Floodplain Function and Viability

Table 11-3 summarizes data from the site that bear on the assessment of riparian floodplain
viability and function. The observations are grouped to address each of the testable hypotheses
identified in Table 3-4, and important strengths and limitations in the available data are noted.
Based on a consideration of all of the information, a weight of evidence conclusion is derived
regarding each hypothesis.

Table 11-4 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding each hypothesis as well as an overall conclusion regarding the
riparian zone soil community function and viability. As shown in Table 11-4, key conclusions
are as follows:

. Site soils are not generally toxic to plants or soil invertebrates.

. If plant roots are exposed to seep water, phytotoxicity from root exposure to arsenic
could be occurring, but confidence in this conclusion is low.
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. Terrestrial plant and microbial population data are insufficient to support a quantitative
conclusion.

Based on these findings, it is concluded that the viability and function of the riparian floodplain
is probably not substantially impacted by mining-related releases.

11.3 Viability of Terrestrial Wildlife

Table 11-5 summarizes data from the site that bear on the viability of terrestrial wildlife at the
site. The observations are grouped to address each of the testable hypotheses identified in Table
3-4, and important strengths and limitations in the available data are noted. Based on a
consideration of all of the information, a weight of evidence conclusion is derived regarding
each hypothesis.

Table 11-6 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding each hypothesis as well as an overall conclusion regarding risks to
wildlife receptors. As shown in Table 11-6, key conclusions are as follows:

. Risks to wildlife do not appear to be of significant concern for exposures that occur from
ingestion of surface water, seep water, or food items.

. Many terrestrial receptors are predicted to have elevated risk of adverse effects from
ingestion of arsenic in soil or sediment.

. Site data confirm that small mammals have increased exposure to arsenic, but there are
no independent data from site-specific toxicity testing or quantitative population surveys
that can confirm or refute the predicted risk from arsenic.

Based on this, it is concluded that arsenic in soil or sediment may pose a risk to some wildlife
receptors, but that this conclusion should be considered tentative unless additional lines of
evidence can be added to the evaluation.

11.4 Viability of the Amphibian Community

Table 11-7 summarizes data from the site that bear on the viability of amphibian receptors at the
site. The observations are grouped to address each of the testable hypotheses identified in Table
3-4, and important strengths and limitations in the available data are noted. Based on a



consideration of all of the information, a weight of evidence conclusion is derived regarding
each hypothesis.

Table 11-8 combines data and conclusions across multiple testable hypotheses in order to reach
overall conclusions regarding each hypothesis as well as an overall conclusion regarding risks to
amphibians. As shown in Table 11-8, key conclusions are as follows:

. Some species of amphibians (but not all) may be at risk from dissolved COPCs in surface
water.

. Risks from sediment or diet cannot be evaluated quantitatively, but are expected to be
minor.

Based on this, it is concluded that risks to some amphibians are possible, but that this conclusion
should be considered tentative unless additional lines of evidence can be added to the evaluation.

11.5 Summary

Substantial data are available to evaluate the potential risks of COPC-related toxicity to aquatic
and terrestrial ecological receptors at the Whitewood Creek site. Based on an evaluation of the
weight of evidence across all available lines of evidence, it is concluded that mining-related
chemicals probably are causing some toxicological effects on both the aquatic and the terrestrial
ecosystems, but that these effects are generally low level and are probably not sufficient to result
in substantial disruption of either aquatic or terrestrial ecosystem function or viability.
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Figure 2-1. Homestake Open Pit
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Figure 2-2. Gold Run Creek
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Figure 2-2 (cont.) Gold Run Creek
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Figure 2-2 (cont.) Gold Run Creek
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Figure 2-3 Schematic Representation of the Geology and
Water-Circulation Pathways in the Whitewood Creek Valley
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Location A: Crook City Bridge, Facing Downriver

Figure 2-5 (cont.) Photographs of Whitewood Creek
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Location B: Facing Downriver

Figure 2-5 (cont.) Photographs of Whitewood Creek
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Location C: Facing Downriver

Figure 2-5 (cont.) Photographs of Whitewood Creek
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Location D: Facing Upriver
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Location E: Facing Downriver
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Location F1: Facing Upriver
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Location F2: Facing Downriver
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Figure 3-1
Ecological Site Conceptual Model
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Figure 3-2 COPC Selection Procedure
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Figure 6-1a

Surface Water HQs for Aquatic Receptors Based on National AWQC Values
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Whitewood Creek, Lead, South Dakota
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Figure 6-1b
Surface Water HQs for Aquatic Receptors Based on National AWQC Values
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Figure 6-1c
Surface Water HQs for Aquatic Receptors Based on National AWQC Values
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Figure 6-1c
Surface Water HQs for Aquatic Receptors Based on National AWQC Values
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Figure 6-1d
Surface Water HQs for Aquatic Receptors Based on National AWQC Values

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Based on the Acute AWQC
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Figure 6-1¢
Surface Water HQs for Aquatic Receptors Based on National AWQC Values

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-1f
Surface Water HQs for Aquatic Receptors Based on National AWQC Values

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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CN Thermo Plot.xls

Figure 6-2

Comparison of WAD Cyanide Concentrations with Acute and Chronic AWQC Toxicity Values for Fish and Benthic Invertebrates
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C 62 Bluegill (juv), acute C 426 Stonefly, acute
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F 34 Brook trout, chronic F 18 Amphipod, chronic
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Figure 6-3a

Surface Water HQs for Aquatic Receptors Based on Site-Specific Standards

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-3b

Surface Water HQs for Aquatic Receptors Based on Site-Specific Standards

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-3c
Surface Water HQs for Aquatic Receptors Based on Site-Specific Standards

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-3d
Surface Water HQs for Aquatic Receptors Based on Site-Specific Standards

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-4
Relationship Between the Mean PEC Quotient and the Incidence of Toxicity in Freshwater Sediments

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-5
Summary of Sediment HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

ARSENIC
1E+03
1E+02 5
S ]
= 1E+01 E
= ]
S ]
£ 1
2 1E+00 4
@ ]
1E-01 5
1E-02
— [a\} [sa) < e O [ 0 (o)) (=] — N
< < < < < < < < < D D 'T
ald O O O O O O O O Qld 24 &
o B B = B B g B 2 & O
z 5B 2 = g = g = = 5
=
—e— Based on TRV low —#— Based on TRV high
CADMIUM
1E+01 1
1 /\ \
—y
1E+00 - ‘\‘\\/
=4 ]
= ]
= i
S i
£
= i
7
177
1E-01 4
1E-02
— (o} o < wv O =~ (e D S — N
< < < < < < < < < D v D
4 O O O O O O O O 24 a4 Qld
O B2 B B B2 B B2 B B &K O
= = ® = = & =z & & o =
=
—e—Based on TRV low —#—Based on TRV high

new_WWC Aquatic Risk_Sed.xls: Graphs
6/5/2002 Page 1 of 4



Figure 6-5
Summary of Sediment HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-5
Summary of Sediment HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-5
Summary of Sediment HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-6
Summary of Pore Water HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-6
Summary of Pore Water HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-6
Summary of Pore Water HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-6
Summary of Pore Water HQs for Benthic Macroinvertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota
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Figure 6-7 Fish Density and Biomass in Whitewood Creek

Ecological Risk Assessment for Whitewood Creek, South Dakota
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WC-1 is identified as the reference area
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Site-Specific Study

Sampling and Analysis

Metric

. Taxa Richness®

EPT Index®
. Community Loss Index®
. Ratio of Shredders/Total )

. Hilsenhoff Biotic Index (modified)®

. Ratio of Scrapers/Filterers Collectors®®
. Ratio of EPT and Chironomid Abundances®

. % Contribution of Dominant Taxon®

Biological Condition Scoring Criteria

6 4 2 0
>80% 60-80% 40-60% <40%
>85% 70-85% 50-70% <50%
>50% 35-50% 20-35% <20%
>75% 50-75% 25-50% <25%
<20% 20-30% 30-40% >40%
>90% 80-90% 70-80% <70%

<0.5 0.5-1.5 1.5-4.0 >4.0
>50% 35-50% 20-35% <20%

(a) Score is a ratio of a study site to reference site x 100.

(b) Score is a ratio of reference site to a study site x 100.

(c) Determination of Functional Feeding Group is independent of taxonomic grouping.

(d) Scoring criteria evaluate actual percent contribution, not percent comparability to the reference station.

(e) Range of values obtained. A comparison to the reference station is incorporated in these indices.

BIOASSESSMENT
%
Comp.
to Ref. Biological Condition

Score @ Category Attributes

>83% Nonimpaired Comparable to the best situation to be expected
within an ecoregion. Balanced trophic structure.
Optimum community structure (composition and
dominance) for stream size and habitat quality.

54-79% Slightly impaired Community structure less than expected.
Composition (species richness) lower than
expected due to loss of some intolerant forms.
Percent contribution of tolerant forms increases.

21-50% Moderately impaired Fewer species due to loss of most tolerant forms.
Reduction in EPT index.

<17% Severely impaired Few Species present. If high densities or
organisms, then dominated by one or two taxa.

(a) Percentage values obtained that are intermediate to the above ranges will require

subjective judgement as to the correct placement. Use of the habitat assessment and

physiochemical data may be necessary to aid in the decision process.

Recommendations

Figure 6-8

Flowchart of Approach for Rapid Bioassessment Protocol (RBP) 111

(U.S. EPA, 1989c¢)

I:\Whitewood Creek\Full Ecological RA\Document FINAL\Figures\Section 6\Fig 6-8 RBP III Flowchart.wpd




Figure 6-9 Biological Condition of BMI Communities Compared to Expected Values Based on Habitat
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Number of BMI Taxa per

Figure 6-10
Location versus Embeddedness Score

Ecological Risk Assessment for Whitewood Creek, South Dakota
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Figure 6-11

Number of BMI Organisms per Sample versus Embeddedness Score

Ecological Risk Assessment for Whitewood Creek, South Dakota
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Figure 6-12

EPT Index per Location versus Embeddedness Score

Ecological Risk Assessment for Whitewood Creek, South Dakota
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Figure 7-1
Calculation of HQs for the Direct Contact of Plants with Soil
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Figure 7-1 (cont.)
Calculation of HQs for the Direct Contact of Plants with Soil
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Figure 7-1 (cont.)
Calculation of HQs for the Direct Contact of Plants with Soil
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Figure 7-1 (cont.)
Calculation of HQs for Direct Contact of Plants with Soil
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Figure 7-1 (cont.)

Calculation of HQs for Direct Contact of Plants with Soil
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Figure 7-1 (cont.)

Calculation of HQs for Direct Contact of Plants with Soil
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Figure 7-1 (cont.)

Calculation of HQs for Direct Contact of Plants with Soil
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Figure 7-1 (cont.)

Calculation of HQs for Direct Contact of Plants with Soil
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Figure 7-2
Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)
Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)

Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)
Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)

Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)
Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Figure 7-2 (cont.)

Calculation of HQs for Direct Contact of Soil Invertebrates with Soil
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Calculation of HQs for Direct Contact of Soil Invertebrates with Soil

Figure 7-2 (cont.)
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Figure 8-1
Wildlife Exposure Reach Map

Ecological Risk Assessment

Belle Fourche Whitewood Creek Site, Lead, South Dakota
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Figure 8-2

Summary of Small Mammal Tissue Concentrations by Location

Ecological Risk Assessment

Whitewood Creek, Lead, South Dakota
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Figure 8-3
Summary of Small Mammal Organ Weight Ratios by Location

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Mammal ORWT by Location.xls: Mammal ORWT_Loc
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Figure 9-1a. Comparison of Dissolved Aluminum Concentrations in Surface Water

with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-1b. Comparison of Dissolved Copper Concentrations in Surface Water
with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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E 82  Tiger frog, Indian bullfrog (larva) 96 hrs
F 24 Leopard frog (eggs) 192 hrs Minimum Conc
G 19 Southern grey tree frog (eggs) 168 hrs
H 10 Eastern Narrow-Mouthed Toad (eggs) 168 hrs
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Figure 9-1c. Comparison of Dissolved Lead Concentrations in Surface Water
with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-1d. Comparison of Dissolved Selenium Concentrations in Surface Water

with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-1e. Comparison of Dissolved Silver Concentrations in Surface Water

with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-2a. Comparison of Total Aluminum Concentrations in Seep Water

with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-2b. Comparison of Total Copper Concentrations in Seep Water

with Acute TRVs for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-2¢. Comparison of Total Lead Concentrations in Seep Water
with Acute TRV's for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-2d. Comparison of Total Selenium Concentrations in Seep Water
with Acute TRV's for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Figure 9-2e. Comparison of Total Silver Concentrations in Seep Water
with Acute TRV's for Amphibians

Ecological Risk Assessment for Whitewood Creek, Lead, South Dakota
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Table 2-1
Timeline of Events and Reports

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Date Description of Event and Reports

1877- Operation of Homestake Mine with tailings being discharged directly to Gold Run Creek and

1977 Whitewood Creek (USEPA, 1990).

1960 South Dakota Department of Health quantifies solids and cyanide loading to Whitewood Creek
(USEPA, 1990).

1965 SD Department of Game Fish and Parks (SDGFP) identified that aquatic bottom organisms were
absent in Whitewood Creek downstream from the waste discharges (USEPA, 1990).
Series of studies by EPA, FDA and University of SD to document magnitude and extent of tailings.

1970-71 | Focused on the environmental hazards associated with mercury. Led to discontinuance of the use of
the mercury amalgamation process by HMC (USEPA, 1990).

1970 December. Use of mercury amalgamation discontinued (USEPA, 1990).
50 Holstein cattle adjacent to creek die of unknown causes. Study by the SD State University Dept.

1974-75 | of Veterinary Science concluded that cattle died of arsenic toxicosis due to consumption of corn
silage contaminated by accidental incorporation of mining wastes with fodder (USEPA, 1990).
Joint study by SD Geological Survey and the USGS Water Resources Division investigated the

1975-78 | presence of arsenic in surface and groundwaters of Whitewood Creek, the Belle Fourche River and
the Cheyenne River (USEPA, 1990).

1977 December. Implementation of the Grizzly Gulch Tailings Disposal project. This tailings disposal
system ended the direct discharge of tailings to Whitewood Creek (USEPA, 1990).

1981 September. Whitewood Creek Site placed on interim NPL at the request of the governor of SD.
EPA sends notice letter to HMC of potential liability (USEPA, 1990).
EPA, SD Department of Water and Natural Resources (DWNR) and HMC entered into a three-party

1982 study agreement (memorandum of understanding) to conduct a comprehensive study. The study was
funded by HMC and conducted by Fox Consultants under the supervision of a project advisory
committee composed of representatives of the three parties.

1982 Bioassessment of Whitewood Creek completed for HMC (Herricks, 1982).

1983 September 8. Whitewood Creek Site placed on the NPL (USEPA, 1990).

1983 Request submitted to EPA by HMC to delete Whitewood Creek from NPL (USEPA, 1990).

1984 December. Multi-volume study study released (Fox Consultants, 1984a, 1984b and 1984c).
Wastewater treatment plant comes on-line. The untreated discharge of effluent from tailings pond to

1984 .
Whitewood Creek ceases.
Draft report issued by USGS on an extensive investigation of surface water in Whitewood Creek

1985 initiated in 1982 (USGS, 1985). The report entitled Composition, Distribution, and Hydrologic

Effects of Mine and Mill Wastes Discharged to Whitewood Creek at Lead/Deadwood, South Dakota
was later replaced by USGS (1988).
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Table 2-1 (cont.)
Timeline of Events and Reports

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Date

Description of Event and Reports

1985

April. Report completed by Environ Corp. entitled Assessment of Exposure and Possible Effects on
Human Health of Gold Mine Tailings in the Whitewood Creek Area of SD. Written to support
petition for delisting.

1985

Second petition for delisting submitted by HMC (USEPA, 1990). The delisting petition was rejected
by EPA as being premature (USEPA, 1990).

1986

Hydrogeochemistry of Sulfide and Arsenic Rich Tailings and Alluvium along Whitewood Creek,
South Dakota published in Mineral and Energy Resources. This work was completed by a group of
consultants led by J.A. Cherry for HMC (USEPA, 1990).

1988

January. The first draft of the EA was completed by Battelle Pacific Northwest Laboratory for EPA
(USEPA, 1990). Comments on the draft EA were provided by HMC to EPA in April 1988 (HMC,
1988).

1988

March. Report issued by Industrial Waste Management, Ltd. for HMC entitled An Evaluation of
Aquatic Life Impacts Presented in the Draft Battelle Whitewood Creek Endangerment Assessment.
Written in response to results of Whitewood Creek Study Phase II (Fox Consultants, Inc., 1984b) and
draft EA (January 1988). Contains review of conclusions regarding aquatic life (surface water).

1988

March. A study entitled Aging of Tailings Deposits by Tree Ring Analysis was completed for HMC.
The study aged the tailings deposits by the age of trees growing in them (Batt, 1988).

1988

March. A report entitled Selenium Sources, Occurrences, and Mobility along Whitewood Creek,
South Dakota was completed by Geochemical Engineering Incorporated for HMC. The report
describes sources, occurrences and mobility of selenium in the Whitewood Creek Basin and provides
an analysis of the selenium concentrations in water supply wells along Whitewood Creek
(Geochemical Engineering Incorporated, 1988).

1988

October. Additional study by Geochemical Engineering, Inc. for HMC was completed that
incorporated additional groundwater data and soil data. The population residing within the site was
interviewed regarding drinking water intake and locally grown food crops. Water supply wells were
also tested (USEPA, 1990).

1988

December. An Administrative Order on Consent was signed by EPA and HMC. This order
concludes that the studies completed by Fox Consultants, Inc., (1984a, 1984b and 1984c) constituted
the functional equivalent of a remedial investigation, as prescribed by the National Contingency
(NCP). The order required that HMC conduct a Feasibility Study (FS) to identify and evaluate
alternatives for remedial action (USEPA, 1990).

1989

Report issued by USGS entitled Composition, Distribution and Hydrologic Effects of Contaminated
Sediments Resulting from the Discharge of Gold Milling Wastes to Whitewood Creek at Lead and
Deadwood, South Dakota (USGS, 1989) replacing USGS (1985).

1989

March. The second draft of the EA was released by EPA in March 1989 (USEPA, 1989a) and
commented on by HMC in June 1989 (USEPA, 1990).

1989

May. Memo to Fred Fox from T.I. Mudder of Stefen Robertson and Kirsten Consulting Engineers on
the Impact of High Flow Events on the Potential for Exceedance of Aquatic Life Criteria for Arsenic
(Mudder, 1989). The memo discusses the impact of high flow events on the potential for exceedance
of aquatic life criteria for arsenic. Written in response to concerns raised in the draft EPA EA
(USEPA, 1989a).

1989

May-June. Wildlife Survey of Whitewood Creek completed by Harner & Associates on behalf of
HMC in support of a mining permit application (Harner & Associates, 1990a).

1989

July. Final EA was completed by EPA with the assistance of Jacobs Engineering (Jacobs, 1989).

1989

December. ICF Technology on behalf of HMC completed an FS (ICF, 1990).
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Table 2-1 (cont.)
Timeline of Events and Reports

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Date Description of Event and Reports
1989 Biological Survey of Whitewood Creek and the Belle Fourche River completed by Chadwick &
Associates. Report issued in 1990 (Chadwick & Associates, 1990a).
1990 January. Administrative record established.
1990 March. Record of Decision (ROD) document issued (USEPA, 1990).
Biological survey of Whitewood Creek completed in April 1990 (Chadwick & Associates, Inc.,
1990
1990b).
Second year of baseline wildlife study completed by Harner & Associates for HMC (Harner &
1990 .
Associates, 1990b).
1991 Consent order entered by Federal District Court of South Dakota (Chadwick Ecological Consultants,
Inc., 1997).
1991 June. Explanation of Significant Differences notice issued by USEPA. Written to explain
differences between ROD and remedy to be implemented (USEPA, 1991).
Applicable or Relevant and Appropriate Requirements (ARARs) Report issued (Chadwick
1992 .
Ecological Consultants, Inc., 1997)
1992 Remediation completed at 16 residences (Chadwick Ecological Consultants, Inc., 1997).
1993 USEPA Review of Whitewood Creek Superfund Site.
1996 Deletion of Whitewood Creek Site from NPL.
1996 Biological survey of Whitewood Creek completed (Knowles, 1996a) in support of partial fulfillment
of a mining permit application. A breeding bird survey was also completed (Knowles, 1996b).
1997 November. Approximately 100 gallons of slurry were accidentally released from Kirk bore hole (15-
20 mg/L cyanide) resulting in a fish kill in Whitewood Creek.
December. Report issued entitled Final Status Report and Technical Support Document for the 1997
1997 5-Year Review completed by Chadwick Ecological Consultants, Inc. for HMC (Chadwick Ecological
Consultants, Inc., 1997).
May. Approximately 10,000 gallons of mill tailings and process solution containing cyanide and
1998 heavy metals (20 mg/L cyanide) was released from the west sand plant into a storm sewer that
discharges into Gold Run Creek.
June. OEA Research Consultants conducted an assessment of the aquatic life in Whitewood Creek to
1998 evaluate the effects of the May 29, 1998 release. Aquatic biological community monitoring
continued for three years.
1998 October. Screening Ecological Risk Assessment completed by EPA (ISSI, 1998).
1999 Quality Assurance Work Plan (ERT, 1999a) completed including data quality objectives
and sampling and analysis plan to fill data gaps in support of an ecological risk assessment.
1999 Aquatic field study completed by EPA Environmental Response Team (ERT, 1999b).
2000 Terrestrial field sampling completed by EPA Environmental Response Team (ERT, 2000).
2000 USGS conducted seep water toxicity tests to evaluate fathead minnow survival (USGS, 2000).
2001 Aquatic Field Study (US EPA, 2001a) and Terrestrial Field Study Reports (US EPA, 2001b)
finalized.
2000- Aquatic biological community monitoring continued (Chadwick Ecological Consultants, Inc., 2001;
2001 Knudsen, 2001).
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Table 2-2

Fish Species Observed in Whitewood Creek

and the Belle Fourche River

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Belle Fourche

Common Name Genus/Species Whitewood Creek River
Brown trout Salmo trutta X
Brook trout Salvilinus fontinalis X
Rainbow trout Onchorhynchus mykiss X
Channel catfish Ictalurus punctatus X
Stonecat Noturus flavus X X
Longnose dace Rhinichthys cataractae X X
Creek chub Semotilus atromaculatus X X
Flathead chub Hybopsis gracilis X X
Sand shiner Notropis stramineus X X
Fathead minnow Pimephales promelas X X
Common carp Cyprinus carpio X X
Plains minnow or Hybognathus placitus or H. %
Western silvery argyritis
Red shiner Cyprinella lutrensis X X
River carpsucker Carpiodes carpio X
White sucker Catostomus commersoni X X
Shorthead redhorse Maxostoma macrolepidotum X
Mountain sucker Catostomus platyrhynchus X
Plains killifish Fundulus zebrinus X
Black crappie Pomoxis nigromaculatus X
Green sunfish Lepomis cyanellus X X
Largemouth bass Micropterus salmoides X
Yellow perch Perca flavescens X
Walleye Stizostedion vitreum X
Data Sources:

Chadwick (1997)

Chadwick and Associates (1990a, 1990b, 1996, 2001)

Knudson (2001a, 2001b)

ERT (2001a)
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Table 2-3
Amphibian and Reptile Species Observed
within the Whitewood Creek Site Area

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Common Name

Genus/Species

Tiger salamander+

Ambystoma tigrinum

Leopard frog

Rana pipiens

Plains garter snake

Thamnophis radix

Bull snake Pituophis melanoleucus
Eastern yellow-bellied racer+ Coluber constrictor
Painted turtle Chrysemys picta
Snapping turtle+ Chelydra serpentina

As reported in Knowles (1996a)
+ Observed only in 1996

Table 2-2 to 2-6 Wildlife Sp.xls: Table 2-3
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Table 2-4
Avian Species Observed within the Whitewood Creek Site Area

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Common Name

Genus/Species

Common Name

Genus/Species

American avocet*
American crow
American goldfinch
American kestrel
American redstart
American robin
American tree sparrow
American wigeon
American white pelican
Bald eagle
Bank swallow*
Barn swallow
Belted kingfisher
Black-billed magpie
Black-capped chickadee
Black-headed grosbeak
Blue grosbeak*
Blue jay
Blue-winged teal
Bobolink*
Brewer's blackbird
Brown-headed cowbird
Brown thrasher
Bufflehead
Canada goose
Cassin's kingbird
Cedar waxwing
Chipping sparrow
Clay-colored sparrow
Cliff swallow*
Common flicker
Common grackle
Common merganser+
Common nighthawk
Common snipe
Common yellowthroat
Cooper's hawk
Dark-eyed junco
Dickcissel+
Double-crested cormorant
Downy woodpecker+
Dusky flycatcher*
Eastern bluebird+
Eastern kingbird
European starling
Ferruginous hawk+
Field sparrow+
Gadwal
Golden eagle
Grasshopper sparrow
Gray catbird
Gray partridge
Great blue heron
Great crested flycatcher
Great-horned owl
Green-winged teal
Gull (unidentified)
Hairy woodpecker
Harris' sparrow+
Horned lark
House sparrow
House wren
Indigo bunting+

Recurvirostra americana
Corvus brachyrhynchos
Carduelis tristis
Falco sparverius
Setophaga ruticilla
Turdus migratorius
Spizella arborea
Anas americana
Pelecanus erythrorhynchos
Haliaeetus leucocephalus
Riparia riparia
Hirundo rustica
Ceryle alcyon
Pica pica
Parus atricapillus
Pheucticus melanocephalus
Guiraca caerulea
Cyanocitta cristata
Anas discors
Dolichonyx oryzivorus
Euphagus cyanocephalus
Molothrus ater
Toxostoma rufum
Bucephala albeola
Branta canadensis
Tyrannus vociferans
Bombycilla cedorum
Spizella passerina
Spizella pallida
Hirundo pyrrhonota
Colaptes auratus
Quiscalus quiscula
Mergus merganser
Chordeiles minor
Gallinago gallinago
Geothlypis trichas
Accipiter cooperii
Junco hyemalis
Spiza americana
Phalacrocoraz auritus
Picoides pubescens
Empidonax oberholseri
Sialia sialis
Tyrannus tyrannus
Sturnus vulgaris
Buteo regalis
Spizella pusilla
Anas strepera
Aquila chrysaetos
Ammodramus savannarum
Dumetella carolinensis
Perdix perdix
Ardea herodias
Mpyiarchus crinitus
Bubo virginianus
Anas crecca
Larus spp.
Picoides villosus
Zonotrichia querula
Eromophila alpestris
Passer domesticus
Troglodytes aedon
Passerina cyanea

Vesper sparrow
Warbling vireo
Western burrowing owl
Western kingbird
Western meadowlark
Western tanager
Western wood-pewee
White-breasted nuthatch
White-crowned sparrow
Wild turkey
Wilson's phalarope
Wilson's warbler
Wood duck
Yellow-billed cuckoo
Yellow-breasted chat
Yellow-headed blackbird
Yellow-rumped warbler
Yellow warbler
Killdeer
Lark bunting
Lark sparrow
Lazuli bunting
Least flycatcher
Lewis' woodpecker+
Long-billed curlew*
Lincoln's sparrow*
Loggerhead shrike+
Mallard
Merlin
Mourning dove
Northern goshawk
Northern harrier
Northern mockingbird+
Northern oriole+
Northern pintail
Northern rough-winged swallow
Orchard oriole
Osprey+
Ovenbird
Prairie falcon
Red-breasted nuthatch*
Red crossbill
Red-eyed vireo
Redhead
Red-headed woodpecker
Red-tailed hawk
Red-winged blackbird
Ring-necked pheasant
Rock dove
Rough-legged hawk
Ruby-crowned kinglet*
Rufous-sided towhee
Sharp-tailed grouse
Song sparrow*
Snow bunting+
Sprague's pipit+
Spotted sandpiper
Swainson's hawk
Swainson's thrush
Townsend's solitaire+
Tree swallow
Turkey vulture
Upland sandpiper

Pooecetes gramineus
Vireo gilvus
Athene cunicularia
Tyrannus verticalis
Sturnella neglecta
Piranga ludoviciana
Contopus sordidulus
Sitta carolinensis
Zonotrichia leucophrys
Meleagris gallopavo
Phalaropus tricolor
Wilsonia pusilla
Aix sponsa
Coccyzus americanus
Icteria virens
Xanthocephalus xanthocephalus
Dendroica coronata
Dendfroica petechia
Charadrius vociferus
Calamospiza melanocorys
Chondestes grammacus
Passerina amoena
Empidonax minimus
Melanerpes lewis
Numenius americanus
Melospiza lincolnii
Lanius ludovicianus
Anas platyrhynchos
Falco columbarius
Zenaida macroura
Accipiter gentilis
Circus cyaneus
Mimus polyglottos
Icterus galbula
Anas acuta
Stelgidopteryx serripennis
Icterus spurius
Pandion haliaetus
Seiurus aurocapillus
Falco mexicanus
Sitta canadensis
Loxia curvirostra
Vireo olivaceus
Aythya americana
Melanerpes erythrocephalus
Buteo jamaicensis
Agelaius phoeniceus
Phasianus colchicus
Columba livia
Buteo lagopus
Regulus calendula
Pipilo erythrophthalmus
Tympanuchus phsianellus
Melospiza melodia
Plectrophenax nivalis
Anthus spragueii
Actitis macularia
Buteo swainsoni
Catharus ustulatus
Mpyadestes townsendi
Tachycineta bicolor
Cathartes aura
Bartramia longicauda

As reported in Knowles (1996a & 1996b)

Table 2-2 to 2-6 Wildlife Sp.xls: Table 2-4

* Observed only in 1989 or 1990

+ Observed only in 1996
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Table 2-5
Mammalian Species Observed within the Whitewood Creek Site Area

Ecological Risk Assessment,
Whitewood Creek Site, Lead, South Dakota

Common Name Genus/Species
Deer mouse Peromyscus maniculatus
White-footed mouse+ Peromyscus leucopus
Meadow jumping mouse+ Zapus hudsonius
Meadow vole+ Microtus pennsylvanicus
Prairie vole+ Microtus ochrogaster
Masked shrew+ Sorex cinereus
Northern pocket gopher Thomomys talpoides
House mouse+ Mus musculus
Eastern fox squirrel Sciurus niger
Red squirrel* Tamiasciurus hudsonicus
13-lined ground squirrel Spermophilus tridecemlineatus
Porcupine Erethizon dorsatum
Muskrat Ondatra zibethicus
Beaver Castor canadensis
Cottontail rabbit (spp.) Sylvilagus spp.
White-tailed jackrabbit Lepus townsendii
Raccoon+ Procyon lotor
Badger Taxidea taxus
Red fox Vulpes vulpes
Coyote Canis latrans
Mule deer Odocoileus hemionus
White-tailed deer Odocoileus virginianus

As reported in Knowles (1996a)
* Observed only in 1989 or 1990
+ Observed only in 1996

Table 2-2 to 2-6 Wildlife Sp.xls: Table 2-5
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Threatened or Endangered Vertebrate Wildlife Species that Potentially Inhabit Site Area

Table 2-6

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Common Name Genus/Species Federal Status State Status
Piping plover Charadrius melodus

Peregrine falcon Falco peregrinus E E
Whooping crane Grus americana E E
Bald eagle Haliaeetus leucocephalus T E
Osprey Pandion haliaetus T
Interior least tern Sterna antillarum E E
Mountain lion Felis concolor T
River otter Lutra canadensis T
Black-footed ferret Mustela nigripes E E
Black bear Ursus americanus T
Swift fox Vulpes velox T
Black Hills redbelly snake Storeria occipitomaculata T

Information from Knowles (1996a)
T= Threatened
E = Endangered

Table 2-2 to 2-6 Wildlife Sp.xls: Table 2-6
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Table 3-1

Summary of the Results of the SERA

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

. R f Furth
. Receptor of Interest Exposure Constituent ange o urt e-:r
Medium (ROI) Pathway HQ Evaluation
Values (Yes/No)
Dissolved lead and zinc 2to4 Yes
i . Total recoverable arsenic
Surface Aquat'lc Invertebrates Direct Contact )
W and Fish copper, lead, mercury, 2 to 30 Yes
ater . :
nickel and zinc
Mammals Ingestion Lead and arsenic 2t03 Yes
Antimony, arsenic,
Benthic Invertebrates | Direct Contact cadmium, chromium, 2 to 2,000 Yes
copper, lead, mercury,
nickel and zinc
Avian and
Sediment | mammalian . .
. . Ingestion Arsenic 2t020 Yes
piscivores (mink and
kingfisher)
Avian aquatic . .
insectivores Ingestion Arsenic, chromium and 2to 30 Yes
copper
(swallow)
. . A i i
Vegetation Direct Contact rsenic, cadmmm, copper, 2to 700 Yes
nickel, selenium and zinc
Arsenic, cadmium,
Soil Soil Organisms Direct Contact | chromium, copper, mercury, 2 to 300 Yes
nickel, selenium and zinc
Avian and
mammahan . Ingestion Arsem.c, cadmium, 2t0 200 Yes
insectivores (robin chromium, and copper
and shrew)
.. . . Arsenic, cadmium,
Avian insectivores Ingestion of .
. ; . chromium, lead, mercury, 2to 100 Yes
(robin) soil organisms . .
nickel and selenium
Mammalian Ingestion of Arsenic, cadmium, nickel,
. . ; . . . 2 to 100 Yes
insectivores (shrew) soil organisms | selenium and zinc
Food vweb Mammallan Ingestlon 9f Arsenic and cadmium 2to 6 Yes
omnivores (mouse) soil organisms
M i i .
an'lmallan Ingesthn of Arsenic 6t09 Yes
herbivores (deer) vegetation
Avian aquatic Ingestion of Arsenic, cadmium,
insectivores benthic chromium, copper, lead, 2 to 30 Yes
(swallow) invertebrates mercury, and selenium

Table 3-1 SERA Summ.wpd




Table 3-2

Summary of Data Gaps Identified in the SERA

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

E r . .
Receptor xposure Data Gaps Potential Data Collection
Medium
Better definition of extent of sediment Additional measurements of COPC
exposures concentrations in sediments
Measurements of COPCs in interstitial water
Benthic Sediment Bioavailability of metals in sediments of sediment at seeps
Invertebrates AVS/SEM measurements
Sediment toxicity testing
. . . . Re-evaluation of current community data
Extent of site-specific sediment toxicity .. .
Samples of benthic invertebrate community
metrics in comparison to reference
S Measurement of COPC concentrations in
Surface COPC concentrations in diet -
) o benthic invertebrates
. water, Bioavailability of mercury .
Fish . . . Tissue measurements of mercury
sediment Extent of site-specific effects of metals . .
. Re-evaluation of current community data
and diet exposure . .
Fish community structure analyses
Sediment bioaccumulation tests
Better definition of exposures and Constituent concentrations in soil
Soil bioavailability of metals from soils, invertebrates
o L sediments and diet Constituent concentrations in vegetation
Wildlife sediment . . . . .
and diet Derivation of site-specific BAFs Constituent concentrations in small
Extent of site-specific effects of metals mammals
exposure Evaluation of current wildlife census data
Census studies
Vegetation
and Soil Soil Site-specific soil toxicity Soil toxicity testing
Invertebrates

Table 3-2 Data Gaps.doc




Table 3-3
Summary of COPCs Selected for Quantitative Analysis

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Plants & Soil
Aquatic Receptors Wildlife Receptors Invertebrates
Surface Surface
Parameters Water Sediment Water Sediment Soil Soil

Aluminum X X X X
Antimony X X X
Arsenic X X X X X
Barium X X X

Beryllium X
Boron X X

Cadmium X X X
Chromium X X X
Copper X X X X X

Cyanide X
Iron X
Lead X X X X X
Manganese X X X X
Mercury X X X X
Molybdenum X X X
Nickel X X
Selenium X

Silver X X
Thallium X X
Vanadium X X X
Zinc X X X X X
Total 6 8 2 14 15 17

COPC Summary.xls: Quant COPCs
6/5/2002



Table 3-4
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Assessment
Endpoint

Testable Hypothesis

Measurement Endpoint (s)

Stream Function
and Viability

(The on-site
instream habitat is
not significantly
degraded relative
to the reference)

The concentrations of COPCs in sediment,
porewater, and surface water on-site are not
greater than benchmark values for toxicity to
fish and benthic invertebrates.

Determine the concentrations of COPCs in sediment and compare
to sediment toxicity benchmarks.

Determine the concentrations of COPCs in sediment porewater
and compare to ambient water quality criteria (AWQC).

Determine the concentrations of COPCs in surface water and
compare to AWQC and site-specific standards.

The number of taxa and individuals in aquatic
communities on-site are not significantly less
than numbers at reference.

Compare the community data for periphyton, fish, and benthic
invertebrates (number of taxa, individuals, and other metrics) to
previous results and reference communities.

The toxicity of COPCs in site sediment to
benthic invertebrates is not significantly
greater than reference.

Evaluate the toxicity of site sediment to the amphipod (Hyalella
azteca) (growth and survival) through laboratory testing.

Evaluate the bioavailability of COPCs in sediment using both
porewater and AVS/SEM measurements.

The release of seep water is not significantly
increasing the in-stream toxicity of surface
water in WWC.

Determine the concentration of COPCs in water from seeps and
compare to AWQC.

Evaluate the acute toxicity of seep water to the fathead minnow
(Pimephales promelas) through laboratory testing.

The concentrations of COPCs in benthic
invertebrates and sediment on-site are not
greater than toxicity benchmark values for
ingestion by fish.

Determine the concentrations of COPCs in benthic invertebrate
tissues and compare to toxicity benchmarks for fish ingestion.

Determine the concentrations of COPCs in sediment and compare
to toxicity benchmarks for fish ingestion.

The concentrations of COPCs in fish tissue
on-site are not greater than toxicity
benchmark values.

Determine the concentrations of COPCs in fish tissue and
compare to toxicity benchmarks for fish tissue.

Riparian
Floodplain
Function and
Viability

(The on-site
riparian habitat is
not significantly
degraded relative
to the reference)

The concentration of COPCs in on-site
riparian floodplain soils and seep water is not
greater than benchmark values.

Determine the concentrations of COPCs in soil and compare to
toxicity benchmarks for plants and soil invertebrates.

Determine the concentrations of COPCs in interstitial seep water
and compare to toxicity benchmarks for plants.

The toxicity of riparian floodplain soils is not
significantly greater than reference.

Evaluate the toxicity of COPCs from soil through solid-phase
testing using earthworms.

Evaluate the toxicity of COPCs in soil through laboratory toxicity
testing using plants.

The number of vascular plant taxa on-site are
not significantly less than the numbers at
reference.

Compare the vascular plant community-types present on-site to
reference.

Soil function on site is not different than that
at reference locations.

Compare the soil function parameters on-site to that at reference.

Table 3-4 Assessment Endpoints.wpd
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Table 3-4
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Assessment

Endpoint Testable Hypothesis Measurement Endpoint (s)
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
The concentration of COPCs in food items of | the reference locations.
surrogate insectivorous wildlife species on-
site is not significantly greater than reference. | Determine the concentrations of COPCs in selected food items
(earthworms and grasshoppers) and compare on-site
concentrations to reference.
Through food chain models for the cliff swallow (Petrochelidon
The dietary exposure of surrogate pyrrhonota), American robin (Turdus migratorius), and the
insectivorous wildlife species to COPCs on- masked shrew (Sorex cinereus), estimate the daily dose of each
site is not greater than toxicity reference COPC and compare to respective toxicity reference value (dose
values. associated with no adverse effect). Compare results for on-site to
Viability of reference.
Insectivorous
Wildlife The body burden of COPCs in selected Determine body burdens of COPCs in the masked shrew (Sorex
species on-site is not greater than reference. cinereus) and/or other small mammals on-site and compare to
reference.
The body burden of COPCs in selected Determine body burdens of COPCs in the masked shrew (Sorex
species on-site is not greater than benchmark cinereus) and/or other small mammals on-site and compare to
values. toxicity benchmarks for tissue burdens.
Determine the weights of liver, kidney and spleen in the masked
shrew (Sorex cinereus) and/or other small mammals on-site and
The histopathology of organ tissues in compare to reference.
selected species on-site is not significantly
different from reference. Examine the liver, kidney and spleen in the masked shrew (Sorex
cinereus) and/or other small mammals on-site for abnormalities
and compare to reference.
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
The concentration of COPCs in food items of | the reference locations and background.
surrogate herbivorous and omnivorous
wildlife species on-site is not significantly Determine the concentrations of COPCs in selected food items
greater than reference or site-specific (plants) and compare on-site concentrations to reference.
background.
Estimate concentrations of COPCs in food items and compare on-
Viability of site concentrations to reference.
Herbivorous/
Omnivorous . . Through food chain models for the meadow vole (Microtis
Wildlife The dietary exposure of surrogate herbivorous vani .
pennsylvanicus) and deer mouse (Peromyscus maniculatus),

and omnivorous wildlife species to COPCs
on-site is not greater than toxicity reference
values.

estimate the daily dose of each COPC and compare to respective
toxicity reference value (dose associated with no adverse effect).
Compare results for on-site to reference.

The body burden of COPCs in selected
species on-site is not greater than reference.

Determine body burdens of COPCs in small mammals on-site and
compare to reference.

The body burden of COPCs in selected
species on-site is not greater than benchmark
values.

Determine body burdens of COPCs in small mammals and
compare to toxicity benchmarks for tissue burdens.

Table 3-4 Assessment Endpoints.wpd
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Table 3-4
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Al;;?;l;zltlt Testable Hypothesis Measurement Endpoint (s)
Determine the weights of liver, kidney and spleen in the the
meadow vole (Microtis pennsylvanicus) and deer mouse and/or
Vial{ility of The histopathology of organ tissues in other small mammals on-site and compare to reference.
Herbivorous/ . . S
. selected species on-site is not significantly . . . .
Omnivorous . Examine the liver, kidney and spleen in the the meadow vole
f— different from reference. S .

Wildlife (cont.) (Microtis pennsylvanicus) and deer mouse (Peromyscus
maniculatus) and/or other small mammals on-site for
abnormalities and compare to reference.

Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those at reference.
The concentrapon of COP(.:S mn fogd 1‘tems of Determine the concentrations of COPCs in selected food items
surrogate carnivorous species on-site is not . :
significantly greater than reference or site- (small mammals) and compare on-site concentrations to
. reference.
Viability of specific background.
Carnivorous Estimate concentrations of COPCs in food items and compare on-
Wildlife site concentrations to reference and background.
Through food chain models for the American kestrel (Falco
The dietary exposure of surrogate carnivorous | sparverius), great horned owl (Bubo virginianus), and red fox
species to COPCs on-site is not greater than (Vulpes vulpes), estimate the daily dose of each COPC and
toxicity reference values. compare to respective toxicity reference value (dose associated
with no adverse effect). Compare results for on-site to reference.
Determine the concentrations of COPCs in soil, surface water,
and sediment collected on-site and compare to those detected at
the reference locations.
The concentration of COPCs in food items of
surrogate aquatic insectivorous wildlife Determine the concentrations of COPCs in selected food items
Viability of species on-site is not significantly greater than | (aquatic invertebrates) and compare on-site concentrations to
Aquatic reference or site-specific background. reference.
Insectivorous
Wildlife Estimate concentrations of COPCs in food items and compare on-
site concentrations to reference.
The dietary exposure of surrogate aquatic Through food chain models for the American dipper (Cinclus
insectivorous wildlife species to COPCs on- mexicanus), estimate the daily dose of each COPC and compare
site is not greater than toxicity reference to respective toxicity reference value (dose associated with no
values. adverse effect). Compare results for on-site to reference.
Determine the concentrations of COPCs in surface water and
sediment collected on-site and compare to those at reference.
Viability of The concen.tra.tion of COPCS in fopd @tems of . . . .
Piscivorous sgrrqgate piscivorous species on-site is pot Determine the concentrqtlons of COPCS in selected food items
Wildlife significantly greater than reference or site- (fish) and compare on-site concentrations to reference.

specific background.

Estimate concentrations of COPCs in food items and compare on-
site concentrations to reference.

Table 3-4 Assessment Endpoints.wpd

Page 3 of 4




Table 3-4
Assessment Endpoints and Associated Hypotheses and Measurement Endpoints

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Al;;?;l;zrtlt Testable Hypothesis Measurement Endpoint (s)
Through a food chain model for the belted kingfisher (Megaceryle
Viability of The dietary exposure of surrogate piscivorous | alcyon) and the mink (Mustela vison), estimate the daily dose of
Piscivorous species to COPCs on-site is not greater than each COPC and compare to respective toxicity reference value
Wildlife (cont.) toxicity reference values. (dose associated with no adverse effect). Compare results for on-
site to reference.
The concentrations of COPCs in surface water | Determine the concentration of COPCs in surface water and
Viability of and seeps are not greater than benchmarks. seeps and compare to toxicity benchmarks.
Amphibian
Community The toxicity of COPCs in on-site sediment is Inference of sediment toxicity observed in macroinvertebrate
not significantly greater than at the reference. | exposures to amphibians.
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Ecological Risk Assessment for the Whitewood Creek Site, South Dakota

Table 4-1
Summary of Data Collected in the March 1999 ERT Aquatic Field Investigation

Station Surface | Sediment | SEM/AVS | Pore Water |Groundwater Benthic Fish Toxicity Community
WWC-R-01 M X X X X H A
WWC-02 X X X X H A
WWC-03 X X X X H A
WWC-04 X X X X H A
WWC-05 X X X X H A
WWC-06 X X X X X (seep) X X H A
WWC-07 X X X H A
WWC-08 X X X X X (seep) X X H A
WWC-09 X X X X X (seep) X H A
BFR-R-10 X X X X X (gw) X H A
BFR-11 X X X X X (gw) X X H A
SPC-R-12 X X X X X (gw) X X H A

H = Hyalella azteca
A = Aquatic Habitat




Table 4-2

Summary of Data Collected in the ERT Terrestrial Field Investigation

Ecological Risk Assessment for the Whitewood Creek Site, South Dakota

Suin [T | S| e | Toxy T | o
WWC-R-01 M X E,T
WWC-R-01 A X X X X R P,S
WWC-05 X X X X X R, T P,S
WWC-06 X X X X X E,R, T P,S
WWC-07 X E, T
WWC-08 X X X X X E,R, T P,S
WWC-09 X E, T
BFR-R-10 X E, T
SPC-R-12 X X X X X E,R, T P,S
E = Earthworm (Eisenia foetida) P = Plant
R = Rye Grass (Lolium perenne) S = Soil

T = Turnip Seed (Brassica rapa)




Table 5-1 Summary of Data Used in the Risk Assessment

Data Type Medium Analyses Location Source
Abiotic Surface Water Total/Dissolved TAL Inorganics 2 gaging stations on Whitewood USGS (downloaded from STORET and
Concentrations Total Cyanide Creek manually entered)

Water Quality Parameters

Total/Dissolved TAL Inorganics
Total/WAD Cyanide
Water Quality Parameters

6 water quality monitoring stations
on Whitewood Creek

SDDENR (downloaded from STORET
and manually entered)

Total/Dissolved TAL Inorganics
Total Cyanide
Water Quality Parameters

9 stations on Whitewood Creek
2 stations on Belle Fourche River
1 station on Spearfish Creek

ERT Aquatic Field Investigation
(USEPA, 2001a)

Sediment TAL Inorganics 9 stations on Whitewood Creek ERT Aquatic Field Investigation
Total Cyanide 2 stations on Belle Fourche River (USEPA, 2001a)
SEM/AVS 1 station on Spearfish Creek
Seep Water TAL Inorganics 5 seeps along Whitewood Creek Fathead Minnow Toxicity Study
Water Quality Parameters (USGS, 2000)
Total TAL Inorganics, molybdenum, 4 seeps along Whitewood Creek ERT Aquatic Field Investigation
boron (USEPA, 2001a)
Water Quality Parameters
Soil TAL Inorganics 6 stations on Whitewood Creek ERT Terrestrial Field Investigation
Total Cyanide 1 station on Belle Fourche River (USEPA, 2001b)
1 station on Spearfish Creek
Biotic Tissue BMI Total TAL Inorganics 9 stations on Whitewood Creek ERT Aquatic Field Investigation
Concentrations Percent Moisture 2 stations on Belle Fourche River (USEPA, 2001a)
(depurated and non-depurated) 1 station on Spearfish Creek
Fish Arsenic, lead, mercury, selenium, and 4 stations on Whitewood Creek Chadwick Ecological Consultants, Inc.

zinc
(whole body samples)

1 station on Belle Fourche River

(1996)

Total TAL Inorganics
Percent Moisture
(whole body samples)

2 stations on Whitewood Creek
2 stations on Belle Fourche River
1 station on Spearfish Creek

ERT Aquatic Field Investigation
(USEPA, 2001a)




Data Type Medium Analyses Location Source
Biotic Tissue Plant Total TAL Inorganics 4 stations on Whitewood Creek ERT Terrestrial Field Investigation
Concentrations Percent Moisture 1 station on Spearfish Creek (USEPA, 2001b)
(cont.) (washed and unwashed grasses and
clover samples)
Grasshopper Total TAL Inorganics 4 stations on Whitewood Creek ERT Terrestrial Field Investigation
Percent Lipid Content 1 station on Spearfish Creek (USEPA, 2001b)
Earthworm Total TAL Inorganics 6 stations on Whitewood Creek Soil Toxicity Study in ERT Terrestrial

(14 and 28-day bioaccumulation)

1 station on Belle Fourche River
1 station on Spearfish Creek

Field Investigation (USEPA, 2001b)

Small Mammal

Total TAL Inorganics

Percent Lipid Content

(whole body, kidney, liver, spleen
samples)

4 stations on Whitewood Creek
1 station on Spearfish Creek

ERT Terrestrial Field Investigation
(USEPA, 2001b)

Site-Specific
Toxicity Tests

Birds Total Arsenic 2 stations on Whitewood Creek Custer (1997)
(eggs, carcasses, liver, diet samples)
BMI 10-day chronic toxicity to the amphipod | 9 stations on Whitewood Creek ERT Aquatic Field Investigation
(Hyalella azteca) 2 stations on Belle Fourche River (USEPA, 2001a)
1 station on Spearfish Creek
Fish Acute toxicity to the larval fathead 5 seeps along Whitewood Creek, Fathead Minnow Toxicity Study
minnow (Pimephales promelas) plus upstream and downstream (USGS, 2000)
samples at each seep
Toxicity to the turnip seed (Brassica 4 stations on Whitewood Creek Soil Toxicity Study in ERT Terrestrial
Plant rapa) 1 station on Spearfish Creek Field Investigation (USEPA, 2001b)
28-day toxicity to ryegrass (Lolium 6 stations on Whitewood Creek Soil Toxicity Study in ERT Terrestrial
perenne) 1 station on Belle Fourche River Field Investigation (USEPA, 2001b)
1 station on Spearfish Creek
Earthworm 28-day toxicity to earthworms (Eisenia | 6 stations on Whitewood Creek Soil Toxicity Study in ERT Terrestrial

foetida)

1 station on Belle Fourche River
1 station on Spearfish Creek

Field Investigation (USEPA, 2001b)




Data Type Medium Analyses Location Source
Community Aquatic Density and diversity of aquatic species | Multiple stations on Whitewood Chadwick (1990, 1997, 2001)
Surveys community (fish, Creek, along with one or more Knudson (2000, 2001a, 2001b)

BMI, periphyton)

reference locations

USEPA (2001a)

Plants Quantitative assessment of grassland, Whitewood Creek (from Interstate | Harner and Associates (1991)
woodland/forest, and streamside 90 to the confluence with the Belle
vegetation Fourche River)
Qualitative survey of the riparian 4 stations on Whitewood Creek ERT Terrestrial Field Investigation
vegetative community 1 station on Spearfish Creek (USEPA, 2001b)

Soil Microbes Ecological integrity parameters of the 4 stations on Whitewood Creek ERT Terrestrial Field Investigation
soil ecosystem 1 station on Spearfish Creek (USEPA, 2001b)

Birds & Qualitative surveys of the birds residing | Whitewood Creek Harner and Associates (1990a,b)

Mammals near the site Knowles (1996a,b)




Basic Equation for Hardness-Dependant COPCs:
AWQC (Dissolved) = exp[a*In(Hardness)+b] * [m-n*(In(Hardness)]

Ambient Water Quality Criteria (AWQC) Values and Parameters

Table 6-1

Ecological Risk Assessment

Whitewood Creek, Lead, South Dakota

AWQC Hardness Limits AWQC Total (ug/L) AWQC Dissolved
Anal Acute Chronic (mg/L as CaCO3) at Hardness =200 (ug/L) at Hardness =
nalyte Lower Upper mg/L 200 mg/L
a b m n a b m n Acute | Chronic | Acute | Chronic Acute Chronic Acute Chronic
Alumingm | NotHardness ) o | NotHardness | 0 Not Hardness Dependant 750 87 750 87
Dependant Dependant
Copper 0.9422 ( -1.700 | 0.960 0 0.8545 [ -1.702 | 0.960 0 10 20 400 210 26.9 16.87 25.8 16.19
Not Hardness Not Hardness
1 *
Cyanide Dependant 1.0 0 Dependant 1.0 0 Not Hardness Dependant 22 5.2 22 52
Lead 1.273 | -1.460 | 1.462 | 0.1457 | 1.273 | -4.705 | 1.462 | 0.1457 20 30 360 150 197.3 5.33 136.1 3.90
Not H. Not H.
Selenium ot Hardness | 50 | ot Hardness | 5 | Not Hardness Dependant 19.3 5.0 17.8 4.6
Dependant Dependant
Silver 1.72 -6.52 | 0.850 0 na na na na 10 na 400 na 134 na 114 na

na = Not Available

* Cyanide AWQC is based on free cyanide

SURFACE WATER AWQC NOTES:

Source: EPA-822-7-99-001
Total Selenium CMC Source: EPA-820-B-96-001

For table presentation, hardness-dependent values are calculated using a hardness of 200 mg/L.

If measured station hardness is outside of the specified hardness limits, the applicable hardness limit was used to calculate the AWQC.

AWQCs.xls




Table 6-2
Summary of Sediment Data Used in the ERA

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Sediment Concentration (mg/kg)

Analyte WWC-R-01 M WWC-02 WWC-03 WWC-04 WWC-05 WWC-06 WWC-07 WWC-08 WWC-09 BFR-R-10 BFR-11 SPC-R-12
Aluminum 2,430 7,980 9,050 6,840 6,030 6,210 5,410 5,200 7,860 5,640 6,990 3,140
Antimony 0.96 U 3.2 1.5] 2] 1.7] 24] 0.96 U 093U 1U 0.98 U 1.1U 097U

Arsenic 19.5 235 484 608 1,150 1,230 607 768 546 13.5 1,400 13.5

Barium 73.8 167 440 201 175 133 151 124 181 254 183 133
Beryllium 0.63 0.91 0.94 0.83 0.9 0.96 0.87 0.75 0.87 0.91 0.99 0.51

Boron 2.9 4.3 41.7 7.7 8.6 10 8.3 6.4 13.5 14.3 12.8 6.8
Cadmium 0.2 1.1 1.8 1.4 1.1 1.0 0.68 0.93 1.3 1.9 1.3 0.37

Calcium 26,400 21,000 25,700 22,500 41,200 21,700 22,900 19,000 29,500 41,800 22,300 163,000

Chromium 4.1 19 30.1 17.2 12.1 13.7 9.7 10.1 14 9.4 11.6 6.3
Cobalt 2.9 12.1 15.2 12.1 12.1 11.2 8.7 8.6 9.8 8.4 9.5 2.1
Copper 8.0 43 93 109 55.2 48.9 33 34.3 36.6 20.6 31.1 6.8
Cyanide 0.61U 0.8U 2.6 1.2 1.1U 0.7U 0.6 U 0.63U 0.64 U 0.71U 093U 0.73 U

Iron 7,560 40,200 59,500 42,400 45,800 51,900 34,900 41,200 39,300 21,700 43,800 5,320
Lead 10.9 14.8 245 44.8 27 19.5 14.5 12.8 16.1 11.8 20.3 13.8

Magnesium 4,150 7,110 6,880 7,020 7,300 5,720 4,590 5,010 7,140 3,400 4,980 16,100

Manganese 228 1,130 1,100 902 862 772 610 820 713 623 844 194

Mercury 0.08 0.19 0.34 0.27 0.65 0.36 0.26 0.31 0.27 0.08 U 0.17 0.08 U

Molybdenum 0.51 1.7 3.6 2.2 2.2 3.0 1.9 1.9 1.9 4.6 2.2 0.16 U

Nickel 4.0 32.6 38.6 31.6 22.1 25.9 20.2 18 24.3 25.5 21.8 4.6
Potassium 557 2,200 2,830 2,210 1,700 1,720 1,570 1,400 2,110 1,360 1,580 951
Selenium 0.85 1.1 1.6 0.71 1.9 2.4 1.6 1.4 2.2 2.8 2.3 0.7

Silver 0.16 U 0.19U 0.52 0.25 0.38 0.34 0.16 U 0.16 U 0.17U 0.16 U 0.18U 0.16 U

Sodium 43.8 108 445 271 206 112 57.5 116 203 273 228 185
Thallium 0.96 U 1.1U 095U 0.87U 1.4U 1U 0.96 U 093U 1U 0.98 U 1.1U 0.97U
Vanadium 8.4 28.1 42.7 31.7 27.6 29.7 21.8 22.7 38.1 46.2 39.7 10.6

Zinc 20.7 139 216 133 101 125 72.5 61.3 94.3 78.1 76.8 25.2

U = Not detected
J = Estimated

Table ERT Sed Summ.xls: Sediment
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Table 6-3
Reliability of Individual Consensus-Based Sediment Quality Guidelines

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

% of Samples % of Samples

COPC Correctly Predicted TEC Correctly Predicted PEC
to Be Non-Toxic Reliable? to Be Toxic based on Reliable?
based on TEC PEC

Arsenic 74.1% No 76.9% Yes
Cadmium 80.4 Yes 93.7 Yes
Chromium 72.0 No 91.7 Yes
Copper 82.3 Yes 91.7 Yes
Lead 81.6 Yes 89.6 Yes
Mercury 343 No 100 Yes
Nickel 72.3 No 90.6 Yes
Zinc 81.6 Yes 90.0 Yes

Source: MacDonald et al. (2000)

SQG Reliability.wpd




Table 6-4

Sediment Toxicity Benchmarks for Benthic Invertebrates

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Low High Sediment
Analyte Sediment TRYV Type TRV (mg/kg) TRV Type Source
TRV (mg/kg)

Arsenic 9.79 Consensus-Based TEC 33.0 Consensus-Based PEC a
Cadmium 0.99 Consensus-Based TEC 5.0 Consensus-Based PEC a
Copper 31.6 Consensus-Based TEC 149 Consensus-Based PEC a
Lead 35.8 Consensus-Based TEC 128 Consensus-Based PEC a
Manganese 631 NERM 28 day H. azteca 4460 NEC 28 day H. azteca b
Mercury 0.18 Consensus-Based TEC 1.06 Consensus-Based PEC a
Nickel 22.7 Consensus-Based TEC 48.6 Consensus-Based PEC a
Zinc 121 Consensus-Based TEC 459 Consensus-Based PEC a

NERM No Effect Range Median
NEC No Effect Concentration

Sources:
a MacDonald et al. (2000)
b Ingersoll et al. (1996)

Sediment Benchmarks.xIs: Aquatic Risk Sed Benchmarks
6/4/2002




Table 6-5

Results of the Analysis for SEM/AVS in Sediments

Whitewood Creek Site, South Dakota

Ecological Risk Assessment

Total Conc SEM AVS Ratio SEM - AVS
Station Analyte (mg/ﬁ) (umol/g) (umol/g) SEM/AVS (umol/g)_
Cadmium 0.5 0.003
Copper 0.5 0.21
Lead 1 0.12
WWC-06 Mercury 0.05 0.0005
Nickel 1.5 0.08
Zinc 5.5 0.35
Total 0.75 2.20 0.34 -1.45
Cadmium 0.5 0.001
Copper 0.5 0.06
Lead 1 0.05
WWC-08 Mercury 0.05 0.0005
Nickel 1.5 0.04
Zinc 5.5 0.10
Total 0.25 0.01 33.40 0.24
Cadmium 1.5 0.003
Copper 3 0.22
Lead 1 0.05
WWC-09 Mercury 0.05 0.0005
Nickel 10 0.21
Zinc 7 0.43
Total 0.91 0.01 121.00 0.90
Cadmium 0.5 0.012
Copper 0.5 0.13
Lead 1 0.03
(BR: E_rsnig) Mercury 0.05 0.0005
Nickel 3.5 0.18
Zinc 5.5 0.63
Total 0.99 2.46 0.40 -1.47
Cadmium 0.50 0.002
Copper 0.5 0.17
Lead 1 0.11
BFR-11 Mercury 0.05 0.0005
Nickel 33 0.12
Zinc 5.5 0.32
Total 0.72 0.01 96.27 0.71
Cadmium 0.50 0.002
Copper 0.5 0.02
SPC-R-12 Lead 57.2 0.11
(Spearfish Creek Mercury 0.05 0.0005
Reference) Nickel 1.5 0.02
Zinc 5.5 0.15
Total 0.29 11.13 0.03 -10.84

Non-detects (U) were evaluated at 1/2 the method detection limit (MDL).

SEM_AVS.xls: SEM_AVS Ratio

6/5/2002



Table 6-6
Fish Hazard Quotients (HQs) for the Ingestion of Benthic Invertebrates

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Non-Depurated
Benthic Tissue Fish Oral TRV .
Concentrations (mg/kg (mg/kg dw) Hazard Quotients
dw)
Monitoring Station Analyte Mean NOAEL LOAEL NOAEL LOAEL
US EPA (2001a) - Aquatic Arsenic 8.7 63.00 137.00 1E-01 6E-02
BFR-11 Cadmium 0.09 55.00 165.00 2E-03 SE-04
Copper 18 340.00 660.00 5E-02 3E-02
Lead 0.84 170.00 510.00 SE-03 2E-03
Zinc 102 1500.00 4500.00 7E-02 2E-02
US EPA (2001a) - Aquatic Arsenic 3.1 63.00 137.00 SE-02 2E-02
SPC-R-12 Cadmium 0.03 55.00 165.00 5E-04 2E-04
Copper 9.4 340.00 660.00 3E-02 1E-02
Lead 1.4 170.00 510.00 8E-03 3E-03
Zinc 108 1500.00 4500.00 7E-02 2E-02
US EPA (2001a) - Aquatic Arsenic 358 63.00 137.00 6E+00 3E+00
WWC-02 Cadmium 0.72 55.00 165.00 1E-02 4E-03
Copper 19 340.00 660.00 6E-02 3E-02
Lead 1.4 170.00 510.00 8E-03 3E-03
Zinc 322 1500.00 4500.00 2E-01 7E-02
US EPA (2001a) - Aquatic Arsenic 33 63.00 137.00 SE-01 2E-01
WWC-03 Cadmium 0.09 55.00 165.00 2E-03 5E-04
Copper 37 340.00 660.00 1E-01 6E-02
Lead 1.1 170.00 510.00 7E-03 2E-03
Zinc 124 1500.00 4500.00 8E-02 3E-02
US EPA (2001a) - Aquatic Arsenic 41 63.00 137.00 7E-01 3E-01
WWC-04 Cadmium 0.19 55.00 165.00 3E-03 1E-03
Copper 26 340.00 660.00 8E-02 4E-02
Lead 2.8 170.00 510.00 2E-02 SE-03
Zinc 164 1500.00 4500.00 1E-01 4E-02
US EPA (2001a) - Aquatic Arsenic 122 63.00 137.00 2E+00 9E-01
WWC-05 Cadmium 0.09 55.00 165.00 2E-03 5E-04
Copper 24 340.00 660.00 7E-02 4E-02
Lead 1.8 170.00 510.00 1E-02 4E-03
Zinc 133 1500.00 4500.00 9E-02 3E-02
US EPA (2001a) - Aquatic Arsenic 65 63.00 137.00 1E+00 SE-01
WWC-06 Cadmium 0.08 55.00 165.00 1E-03 SE-04
Copper 21 340.00 660.00 6E-02 3E-02
Lead 1.2 170.00 510.00 7E-03 2E-03
Zinc 120 1500.00 4500.00 8E-02 3E-02
US EPA (2001a) - Aquatic Arsenic 110 63.00 137.00 2E+00 8E-01
WWC-08 Cadmium 0.13 55.00 165.00 2E-03 8E-04
Copper 22 340.00 660.00 7E-02 3E-02
Lead 1.3 170.00 510.00 8E-03 3E-03
Zinc 118 1500.00 4500.00 8E-02 3E-02

Fish Ingestion_Benthics.xls: Fish Risks_Benthic Ingestion
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Table 6-6
Fish Hazard Quotients (HQs) for the Ingestion of Benthic Invertebrates

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Non-Depurated
Benthic Tissue Fish Oral TRV .
Concentrations (mg/kg (mg/kg dw) Hazard Quotients
dw)
Monitoring Station Analyte Mean NOAEL LOAEL NOAEL LOAEL

US EPA (2001a) - Aquatic Arsenic 52 63.00 137.00 8E-01 4E-01
WWC-09 Cadmium 0.10 55.00 165.00 2E-03 6E-04
Copper 20 340.00 660.00 6E-02 3E-02
Lead 1.2 170.00 510.00 7E-03 2E-03
Zinc 117 1500.00 4500.00 8E-02 3E-02
US EPA (2001a) - Aquatic Arsenic 6.7 63.00 137.00 1E-01 SE-02
WWC-R-01 Cadmium 0.21 55.00 165.00 4E-03 1E-03
Copper 15 340.00 660.00 4E-02 2E-02
Lead 0.87 170.00 510.00 5E-03 2E-03
Zinc 235 1500.00 4500.00 2E-01 SE-02

NA = Not Available
NC = Not Calculated

Non-detects were evaluated at 1/2 of the detection limit.
Hazard Quotients (HQs) greater than 1E+00 are in boldface type.

Fish Ingestion_Benthics.xls: Fish Risks_Benthic Ingestion

6/6/2002
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Table 6-7
Fish Hazard Quotients (HQs) for the Incidental Ingestion of Sediments

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Sediment . . .
Concentrations Fish Sediment Ingestion TRV Hazard Quotients
(mg/kg) (mg/kg dw)
Monitoring Station Analyte Mean NOAEL LOAEL NOAEL LOAEL
EPA (2001a) - Aquatic Arsenic 1,400 6,300 13,700 2E-01 1E-01
BFR-11 Cadmium 1.3 5,500 16,500 2E-04 8E-05
Copper 31 34,000 66,000 9E-04 SE-04
Lead 20 17,000 51,000 1E-03 4E-04
Zinc 77 150,000 450,000 5E-04 2E-04
EPA (2001a) - Aquatic Arsenic 14 6,300 13,700 2E-03 1E-03
BFR-R-10 Cadmium 1.9 5,500 16,500 3E-04 1E-04
Copper 21 34,000 66,000 6E-04 3E-04
Lead 12 17,000 51,000 7E-04 2E-04
Zinc 78 150,000 450,000 SE-04 2E-04
EPA (2001a) - Aquatic Arsenic 14 6,300 13,700 2E-03 1E-03
SPC-R-12 Cadmium 0.37 5,500 16,500 7E-05 2E-05
Copper 6.8 34,000 66,000 2E-04 1E-04
Lead 14 17,000 51,000 8E-04 3E-04
Zinc 25 150,000 450,000 2E-04 6E-05
EPA (2001a) - Aquatic Arsenic 235 6,300 13,700 4E-02 2E-02
WWC-02 Cadmium 1.1 5,500 16,500 2E-04 7E-05
Copper 43 34,000 66,000 1E-03 7E-04
Lead 15 17,000 51,000 9E-04 3E-04
Zinc 139 150,000 450,000 9E-04 3E-04
EPA (2001a) - Aquatic Arsenic 484 6,300 13,700 8E-02 4E-02
WWC-03 Cadmium 1.8 5,500 16,500 3E-04 1E-04
Copper 93 34,000 66,000 3E-03 1E-03
Lead 245 17,000 51,000 1E-02 SE-03
Zinc 216 150,000 450,000 1E-03 SE-04
EPA (2001a) - Aquatic Arsenic 608 6,300 13,700 1E-01 4E-02
WWC-04 Cadmium 14 5,500 16,500 3E-04 8E-05
Copper 109 34,000 66,000 3E-03 2E-03
Lead 45 17,000 51,000 3E-03 9E-04
Zinc 133 150,000 450,000 9E-04 3E-04
EPA (2001a) - Aquatic Arsenic 1,150 6,300 13,700 2E-01 8E-02
WWC-05 Cadmium 1.1 5,500 16,500 2E-04 7E-05
Copper 55 34,000 66,000 2E-03 8E-04
Lead 27 17,000 51,000 2E-03 SE-04
Zinc 101 150,000 450,000 7E-04 2E-04
EPA (2001a) - Aquatic Arsenic 1,230 6,300 13,700 2E-01 9E-02
WWC-06 Cadmium 1.0 5,500 16,500 2E-04 6E-05
Copper 49 34,000 66,000 1E-03 7E-04
Lead 20 17,000 51,000 1E-03 4E-04
Zinc 125 150,000 450,000 8E-04 3E-04
EPA (2001a) - Aquatic Arsenic 607 6,300 13,700 1E-01 4E-02
WWC-07 Cadmium 0.68 5,500 16,500 1E-04 4E-05
Copper 33 34,000 66,000 1E-03 SE-04
Lead 15 17,000 51,000 9E-04 3E-04
Zinc 73 150,000 450,000 5SE-04 2E-04

Fish Ingestion_Sed.xls: Fish Risks from Sed Ingestion
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Table 6-7
Fish Hazard Quotients (HQs) for the Incidental Ingestion of Sediments

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Sediment . . .
Concentrations Fish Sediment Ingestion TRV Hazard Quotients
(mg/kg) (mg/kg dw)
Monitoring Station Analyte Mean NOAEL LOAEL NOAEL LOAEL
EPA (2001a) - Aquatic Arsenic 789 6,300 13,700 1E-01 6E-02
WWC-08 Cadmium 1.0 5,500 16,500 2E-04 6E-05
Copper 35 34,000 66,000 1E-03 SE-04
Lead 13 17,000 51,000 8E-04 3E-04
Zinc 64 150,000 450,000 4E-04 1E-04
EPA (2001a) - Aquatic Arsenic 565 6,300 13,700 9E-02 4E-02
WWC-09 Cadmium 1.3 5,500 16,500 2E-04 8E-05
Copper 36 34,000 66,000 1E-03 6E-04
Lead 17 17,000 51,000 1E-03 3E-04
Zinc 94 150,000 450,000 6E-04 2E-04
EPA (2001a) - Aquatic Arsenic 20 6,300 13,700 3E-03 1E-03
WWC-R-01 Cadmium 0.20 5,500 16,500 4E-05 1E-05
Copper 8.0 34,000 66,000 2E-04 1E-04
Lead 11 17,000 51,000 6E-04 2E-04
Zinc 21 150,000 450,000 1E-04 SE-05

NA = Not Available
NC = Not Calculated

Non-detects were evaluated at 1/2 of the detection limit.
Hazard Quotients (HQs) greater than 1E+00 are inboldface type.

Fish Ingestion_Sed.xls: Fish Risks from Sed Ingestion
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Whitewood Creek, Lead, South Dakota

Summary of MATC:s for Fish Tissue

Table 6-8

Ecological Risk Assessment

Fish Maximum Allowable Tissue Concentration (MATC) (mg/kg ww)

Fish Species Arsenic | Cadmium | Copper Lead Mercury Zinc
Rainbow Trout 2.6 0.54 na na 0.02 na
Brook Trout na 0.13 na 0.34 na 4.5
na 0.69 na na na na
na na 3.7 na na na
Channel Catfish na na na na 0.17 na
Fathead Minnow na na na na 0.8 na
Largemouth Bass na na na na na na
2.6 0.13 3.7 0.34 0.02 4.5

The MATC is the highest no effect concentration which is below the lowest concentrations that caused an effect.

If an effect was observed for all tissue concentrations or if the LOAEL is lower than the NOAELSs, the MATC is 2

the lowest concentration.

Fish MATCs.xls: MATC Summary
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Table 6-9
Fish Hazard Quotients Based on Tissue Burdens

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

Study Location COPC (m:kagTvSw) Tlss?;(;/l]g?::; tion HQ Based on Tissue Level
Chadwick et al. Sample Type Forage Game Rough Forage Game Rough
(1997) Arsenic 2.6E+00 7.0E-01 7.0E-01 9.7E+00 3E-01 3E-01 4E+00
WWCI Lead™ 3.4E-01 1.0E+00 1.0E+00 1.0E+00 () —(a) —(a)
Mercury 2.0E-02 7.0E-02 4.0E-02 3.0E-02 4E+00 2E+00 2E+00
Zinc 4.5E+00 5.2E+01 3.7E+01 2.8E+01 1E+01 8E+00 6E+00
Sample Type Forage Game Rough Forage Game Rough
Arsenic 2.6E+00 7.7E+00 2.5E-01 3.4E+00 3E+00 1E-01 1E+00
WWwWC2 Lead 3.4E-01 1.0E+00 1.0E+00 1.0E+00 - (a) - (a) - (a)
Mercury 2.0E-02 1.9E-01 1.8E-01 7.0E-02 1E+01 9E+00 4E+00
Zinc 4.5E+00 4.7E+01 4.1E+00 1.3E+01 1E+01 9E-01 3E+00
Sample Type Forage Game Rough Forage Game Rough
Arsenic 2.6E+00 1.9E+00 1.0E+00 3.6E+00 7E-01 4E-01 1E+00
WWC3 Lead 3.4E-01 1.0E+00 1.0E+00 1.0E+00 () —(a) ()
Mercury 2.0E-02 1.1E-01 6.0E-02 9.0E-02 6E+00 3E+00 SE+00
Zinc 4.5E+00 6.0E+01 4.4E+01 2.8E+01 1E+01 1E+01 6E+00
Sample Type Forage Game Rough Forage Game Rough
Arsenic 2.6E+00 9.0E-01 2.5E-01 2.7E+00 3E-01 1E-01 1E+00
WWC4 Lead 3.4E-01 1.0E+00 1.0E+00 1.0E+00 - (a) - (a) - (a)
Mercury 2.0E-02 1.3E-01 1.2E-01 7.0E-02 TE+00 6E+00 4E+00
Zinc 4.5E+00 3.4E+01 2.1E+01 1.6E+01 8E+00 SE+00 4E+00
Sample Type Forage Game Rough Forage Game Rough
Arsenic 2.6E+00 2.5E-01 2.5E-01 2.5E-01 1E-01 1E-01 1E-01
BFRI Lead 3.4E-01 1.0E+00 1.0E+00 1.0E+00 () —(a) (@)
Mercury 2.0E-02 1.2E-01 4.0E-02 2.0E-02 6E+00 2E+00 1E+00
Zinc 4.5E+00 4.7E+01 1.6E+01 1.3E+01 1E+01 4E+00 3E+00
Sample Type Forage Game Rough Forage Game Rough
Arsenic 2.6E+00 8.0E-01 2.5E-01 1.9E+00 3E-01 1E-01 7E-01
BFR2 Lead 3.4E-01 1.0E+00 1.0E+00 1.0E+00 - (a) - (a) - (a)
Mercury 2.0E-02 2.0E-01 8.0E-02 7.0E-02 1E+01 4E+00 4E+00
Zinc 4.5E+00 7.3E+01 1.7E+01 1.2E+01 2E+01 4E+00 3E+00
ERT (2001a) Sample Type Rough Rough Rough Rough Rough Rough
Arsenic 2.6E+00 7.9E-01 8.9E-01 6.0E-01 3E-01 3E-01 2E-01
Cadmium 1.3E-01 8.4E-03 8.4E-03 8.4E-03 6E-02 6E-02 6E-02
WWC-06 Copper 3.7E+00 1.5E+00 1.2E+00 1.3E+00 4E-01 3E-01 4E-01
Lead 3.4E-01 8.4E-03 8.4E-03 8.4E-03 2E-02 2E-02 2E-02
Mercury 2.0E-02 5.8E-02 5.0E-02 4.3E-02 3E+00 3E+00 2E+00
Selenium 1.0E+00 1.2E+00 1.4E+00 1.1E+00 1E+00 1E+00 1E+00
Zinc 4.5E+00 1.9E+01 2.3E+01 2.3E+01 4E+00 SE+00 SE+00
Sample Type Forage Rough Forage Rough
Arsenic 2.6E+00 2.1E-01 8.9E-01 8E-02 3E-01
Cadmium 1.3E-01 3.1E-02 9.6E-03 2E-01 7E-02
WWC-08 Copper 3.7E+00 8.2E-01 7.0E-01 2E-01 2E-01
Lead 3.4E-01 8.4E-03 9.6E-03 2E-02 3E-02
Mercury 2.0E-02 6.7E-02 1.2E-02 3E+00 6E-01
Selenium 1.0E+00 1.1E+00 4.6E-01 1E+00 5E-01
Zinc 4.5E+00 2.4E+01 2.4E+01 SE+00 SE+00
Sample Type Rough Rough Forage Rough Rough Forage
Arsenic 2.6E+00 1.9E-01 4.1E-01 7.7E-01 7E-02 2E-01 3E-01
Cadmium 1.3E-01 1.9E-02 8.4E-03 2.4E-02 1E-01 6E-02 2E-01
WWC-09 Copper 3.7E+00 6.0E-01 5.5E-01 8.6E-01 2E-01 1E-01 2E-01
Lead 3.4E-01 7.2E-03 8.4E-03 2.6E-02 2E-02 2E-02 8E-02
Mercury 2.0E-02 7.2E-03 8.4E-03 5.0E-02 4E-01 4E-01 3E+00
Selenium 1.0E+00 9.4E-01 9.1E-01 1.3E+00 9E-01 9E-01 1E+00
Zinc 4.5E+00 2.3E+01 1.8E+01 1.9E+01 SE+00 4E+00 4E+00
Sample Type Forage Forage Forage Forage Forage Forage
Arsenic 2.6E+00 2.3E-01 2.3E-01 8.2E-01 9E-02 9E-02 3E-01
Cadmium 1.3E-01 1.9E-02 9.6E-03 1.7E-02 1E-01 7E-02 1E-01
BFR-R-10 Copper 3.7E+00 8.9E-01 6.5E-01 6.7E-01 2E-01 2E-01 2E-01
Reference Lead 3.4E-01 2.9E-02 5.8E-02 1.0E-01 8E-02 2E-01 3E-01
Mercury 2.0E-02 9.6E-03 3.4E-02 8.4E-03 SE-01 2E+00 4E-01
Selenium 1.0E+00 9.6E-01 1.1E+00 4.0E-01 1E+00 1E+00 4E-01
Zinc 4.5E+00 2.8E+01 3.8E+01 2.4E+01 6E+00 8E+00 SE+00
Sample Type Forage Rough Forage Forage Rough Forage
Arsenic 2.6E+00 1.6E+00 6.0E-01 1.7E+00 6E-01 2E-01 6E-01
Cadmium 1.3E-01 1.7E-02 2.2E-02 8.4E-03 1E-01 2E-01 6E-02
BFR-11 Copper 3.7E+00 8.4E-01 1.1E+00 8.2E-01 2E-01 3E-01 2E-01
Lead 3.4E-01 6.0E-02 4.8E-02 4.6E-02 2E-01 1E-01 1E-01
Mercury 2.0E-02 3.8E-02 4.1E-02 6.0E-02 2E+00 2E+00 3E+00
Selenium 1.0E+00 1.2E+00 1.0E+00 1.2E+00 1E+00 1E+00 1E+00
Zinc 4.5E+00 3.0E+01 1.4E+01 44E+01 7E+00 3E+00 1E+01
Sample Type Game Game Game Game Game Game
Arsenic 2.6E+00 2.3E-01 2.4E-01 2.2E-01 9E-02 9E-02 9E-02
Cadmium 1.3E-01 9.6E-03 9.6E-03 8.4E-03 7E-02 7E-02 6E-02
SPC-R-12 Copper 3.7E+00 6.5E-01 6.2E-01 7.2E-01 2E-01 2E-01 2E-01
Reference Lead 3.4E-01 4.6E-02 3.8E-02 3.4E-02 1E-01 1E-01 1E-01
Mercury 2.0E-02 1.1E-01 1.1E-01 9.6E-02 SE+00 6E+00 SE+00
Selenium 1.0E+00 4.7E-01 4.7E-01 4.4E-01 5E-01 5E-01 4E-01
Zinc 4.5E+00 5.3E+01 3.5E+01 3.4E+01 1E+01 8E+00 8E+00

(a) No HQ value is shown because lead was not detected in any samples, and the MATC for lead is lower than the detection limit

Fish Tissue HQ Calcs.xls: Fish Tissue vs MATC
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Table 6-10
Results of Sediment Toxicity Tests (Hyalella azteca)

Ecological Risk Assessment
Whitewood Creek, Lead, South Dakota

L%’;’;?:(‘)’lry WWC-R-01 M| WWC-02 | WWC-03 | WWC-04 | WWC-05 | WWC-06 | WWC-07 | WWC-08 | WWC-09 | BFR-R-10| BFR-11 | SPC-R-12
g Meiif‘slg“’al’ 83.8(1.8) | 725(8.0) | 93.8(42) | 78.8(4.0) | 78.8 (4.0) | 25.0(8.0) | 30.0(9.6) | 88.8(4.8) | 71.2(7.2) | 81.2(4.4) | 87.5(4.1) | 83.8(5.0) | 76.2 (11.5)
2
& Mean Length, | 5 3 19y | 420 0.17) |3.74 0.17)|3.95 (0.27)] 3.85 (0.22)| 2.95 (0.43) | 3.60 (0.63)| 3.65 (0.16) | 3.46 (0.24)| 3.20 (0.10) | 3.58 (0.19) | 3.74 (0.14)| 3.93 (0.53)
2 mm (SE)
S
E Mean Change in
224(3.8) | 34.1(53) | 194(54) | 262(8.5) | 23.0(7.0) | 5.6(7.1) | 152(7.8) | 16.6(5.1) | 10.5(7.6) | 24(3.1) | 14.6(6.1) | 19.4 (4.5) | 25.5 (6.8)
Length, % (SE)
2 Arsenic 20 235 484 608 1150 1230 607 789 565 14 1400 14
= Cadmium 0.2 1.1 1.8 14 1.1 1.0 0.68 1.0 13 1.9 13 0.4
2 _ Copper 8 43 93 109 55.2 48.9 33 34.8 36.5 20.6 31.1 6.8
2 _\:“z Lead 10.9 14.8 245 44.8 27.0 19.5 14.5 12.85 16.6 118 20.3 13.8
O £ | Manganese 228 1130 1100 902 862.0 772 610 832.5 735 623 844 194
g Mercury 0.08 0.19 034 027 0.65 0.36 0.26 031 0.28 0.04 0.17 0.04
5 Nickel 4 32.6 38.6 316 22.1 25.9 20.2 18.8 253 25.5 21.8 46
< Zinc 207 139 216 133 101 125 72.5 64 93.8 78.1 76.8 252
. Ammonia (mg/L)|  0.011 0.05 0.082 0.071 0.077 0.842 0.223 0.068 0.042 0.05 0.028 0.109 0.241
g Arsenic 190 8.6 310 2200 500 7900 7100 1900 610 500 11 2400 120
E Cadmium 6 2.5 2.8 20 3.65 43 40 7.6 4.15 2.5 2.5 12 3.65
g - Copper 350 5 18 1100 58 29 15 24 8.5 13 5 5 7.5
S® Lead 1100 1.1 73 1900 37 11 49 9 47 48 5.8 27 8
87 | Manganese 9500 790 2200 14000 5000 2300 890 2100 6800 5100 2600 1400 630
% Mercury - - - - - - - - - - - - -
s Nickel 220 5 20 360 22 5 5 5 8.5 24 20 5 7.5
Zinc 1200 5 130 3200 79 45 5 28 22 40 40 10 20

I:lDenotes value is statistically significantly different from laboratory control (o = 0.05).
10 day exposure period.
Sample Size (N) =8

Hyalella Tox Results - Ammonia.xls: SedTox_Hyalella
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Table 6-11
Correlation of COPCs with Hyalella azteca Toxicity

Ecological Risk Assessment for the Whitewood Creek Site

Mean Change in
Mean Survival, % Mean Length, mm Length, %

Media COPC p value R p value R p value R
Arsenic 0.065 -0.548 0.109 -0.486 0.108 -0.488
Cadmium 0.666 0.139 0.372 -0.283 0.378 -0.280
Copper 0.704 -0.123 0.893 -0.044 0.894 -0.043
Sediment Lead 0.855 0.059 0.422 0.256 0.419 0.257
Manganese 0.984 -0.006 0.316 -0.316 0.314 -0.318
Mercury 0.010 -0.708 0.015 -0.681 0.015 -0.682
Nickel 0.792 0.085 0.495 -0.219 0.498 -0.217
Zinc 0.872 -0.052 0.849 -0.062 0.853 -0.060
Ammonia 0.002 -0.781 0.032 -0.594 0.032 -0.595
Arsenic 0.00004 -0.893 | 0.06087 [ -0.533 | 0.06160 [ -0.531
Cadmium 0.00004 -0.895 | 0.12017 | -0.453 | 0.12189 | -0.451
Copper 0.704 0.117 0.332 0.293 0.330 0.294
Pore Water Lead 0.626 0.150 0.302 0.310 0.300 0.312
Manganese 0.483 0.214 0.759 0.094 0.758 0.095

Mercury na na na na na na
Nickel 0.552 0.182 0.317 0.302 0.314 0.303
Zinc 0.644 0.142 0.321 0.299 0.319 0.300

Hyalella Tox Results - Ammonia.xls: P values
6/5/2002




Table 6-12a

Seep Water Concentrations and Hazard Quotients

Data from USGS (2000)

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Total Ambient Water
Location ID Analyte Conc. (ug/L) Quality C:;t)era (ug/L) HQ
Acute Chronic Acute Chronic
Arsenic 91 340 150 3E-01 6E-01
USGS (2000) Cadmium 0.1 7.8 0.58 1E-02 2E-01
23R Chromium 2.0 16.0 11.00 1E-01 2E-01
Copper 1.0 51.7 17.6 2E-02 6E-02
Lead 0.10 417 53 2E-04 2E-02
Whitewood Creek Mercury 0.003 1.4 0.8 2E-03 4E-03
above Vale Rd Nickel 13 1387 97.7 9E-03 1E-01
Selenium 1.0 19.3 5.0 SE-02 2E-01
Zinc 4.5 355 225 1E-02 2E-02
Arsenic 410 340 150 1E+00 3E+00
USGS (2000) Cadmium 0.1 7.8 0.58 1E-02 2E-01
23L Chromium 1.0 16.0 11.00 6E-02 9E-02
Copper 0.5 51.7 17.6 9E-03 3E-02
Lead 0.20 417 53 5E-04 4E-02
Whitewood Creek Mercury 0.0002 1.4 0.8 1E-04 2E-04
above Vale Rd Nickel 11 1387 97.7 8E-03 1E-01
Selenium 0.5 19.3 5.0 3E-02 1E-01
Zinc 10 355 225 3E-02 4E-02
Arsenic 420 340 150 1E+00 3E+00
USGS (2000) Cadmium 0.1 7.8 0.58 1E-02 2E-01
31L Chromium 0.5 16.0 11.00 3E-02 SE-02
Copper 0.5 51.7 17.6 9E-03 3E-02
Lead 0.10 417 53 2E-04 2E-02
Whitewood Creek Mercury 0.001 1.4 0.8 1E-03 2E-03
above Vale Rd Nickel 22 1387 97.7 2E-02 2E-01
Selenium 0.5 19.3 5.0 3E-02 1E-01
Zinc 10 355 225 3E-02 4E-02
Arsenic 40 340 150 1E-01 3E-01
USGS (2000) Cadmium 0.1 7.8 0.58 1E-02 2E-01
32L Chromium 2.0 16.0 11.00 1E-01 2E-01
WWwC - Site Copper 0.5 51.7 17.6 9E-03 3E-02
Lead 0.10 417 5.3 2E-04 2E-02
Whitewood Creek Mercury 0.011 1.4 0.8 8E-03 1E-02
below Vale Rd Nickel 12 1387 97.7 9E-03 1E-01
Selenium 0.5 19.3 5.0 3E-02 1E-01
Zinc 4.5 355 225 1E-02 2E-02
Arsenic 850 340 150 3E+00 6E+00
USGS (2000) Cadmium 0.1 7.8 0.58 1E-02 2E-01
33L Chromium 2.0 16.0 11.00 1E-01 2E-01
Copper 0.5 51.7 17.6 9E-03 3E-02
Lead 0.10 417 53 2E-04 2E-02
Whitewood Creek Mercury 0.035 1.4 0.8 3E-02 SE-02
below Vale Rd Nickel 5.0 1387 97.7 4E-03 SE-02
Selenium 0.5 19.3 5.0 3E-02 1E-01
Zinc 10 355 225 3E-02 4E-02

(a) For all samples, measured hardness is greater than the upper hardness limit,
therefore the applicable hardness limit was used to calculate the AWQC.
Non-detects were evaluated at 1/2 of the detection limit.

WWC Aquatic Risk_USGS ERT Seeps.xls: Table 6-12a




Table 6-12b
Seep Water Concentrations and Hazard Quotients
Data from ERT (USEPA 1999)

Ecological Risk Assessment
Whitewood Creek Site, Lead, South Dakota

Total Ambient Water
Location ID Analyte Conc. (ug/L) Quality Cgt)era (ug/L) HQ
Acute Chronic Acute Chronic

WWC-06 Aluminum 12.5 750.0 87 2E-02 1E-01
Arsenic 274.0 340.0 150 8E-01 2E+00

Copper 6.6 51.7 18 1E-01 4E-01
Lead 32.1 417.0 5 8E-02 6E+00

Mercury 0.1 1.4 0.77 4E-02 6E-02

Nickel 1.5 1386.6 97.7 1E-03 2E-02

Selenium 3.7 19.3 5.0 2E-01 7E-01

Zinc 5.5 355 225 2E-02 2E-02

WWC-07 Aluminum 12.5 750.0 87 2E-02 1E-01
Arsenic 852.0 340.0 150 3E+00 6E+00

Copper 0.5 51.7 18 1E-02 3E-02

Lead 1.0 417.0 5 2E-03 2E-01

Mercury 0.1 1.4 0.77 4E-02 6E-02

Nickel 7.1 1386.6 97.7 5E-03 7E-02

Selenium 1.5 19.3 5.0 8E-02 3E-01

Zinc 5.5 355 225 2E-02 2E-02

WWC-08 Aluminum 191.55 750.0 87 3E-01 2E+00
Arsenic 79.0 340.0 150 2E-01 5E-01

Copper 0.5 51.7 18 1E-02 3E-02

Lead 1.0 417.0 5 2E-03 2E-01

Mercury 0.1 1.4 0.77 1E-01 2E-01

Nickel 6.6 1386.6 97.7 5E-03 7E-02

Selenium 2.1 19.3 5.0 1E-01 4E-01

Zinc 6.5 355 225 2E-02 3E-02

WWC-09 Aluminum 143.6 750.0 87 2E-01 2E+00
Arsenic 261.4 340.0 150 8E-01 2E+00

Copper 0.86 51.7 18 2E-02 S5E-02

Lead 2.2 417.0 5 5E-03 4E-01

Mercury 0.1 1.4 0.77 7E-02 1E-01

Nickel 2.6 1386.6 97.7 2E-03 3E-02

Selenium 1.500 19.3 5.0 8E-02 3E-01

Zinc 7.8 355 225 2E-02 3E-02

(a) For all samples, measured hardness is outside of the specified hardness limits,
therefore the applicable hardness limit was used to calculate the AWQC.
Non-detects were evaluated at 1/2 of the detection limit.

WWC Aquatic Risk_USGS ERT Seeps.xls: Table 6-12b




Table 6-13

Upstream-Downstream Comparison Near Seeps

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Initial Seep Water

Total Ambient Water|

. Concentrations (Total) Quality Critera Hazard Quotients (HQs)
Location ID Analyte
(ug/L) (ug/L) (a) Above Seep Mixing Zone
Above seep | Mixing zone | Acute | Chronic ] Acute Chronic | Acute | Chronic
Arsenic 31 46 340 150 9E-02 2E-01 1E-01 3E-01
USGS (2000) Cadmium 0.1 0.1 7.8 0.58 1E-02 2E-01 1E-02 2E-01
23R Chromium 2.0 2 16.0 11.00 1E-01 2E-01 1E-01 2E-01
Copper 2.0 0.45 51.7 17.6 4E-02 1E-01 9E-03 3E-02
Lead 0.10 0.3 417 5.3 2E-04 2E-02 7E-04 6E-02
Whitewood Creek above Mercury 0.009 0.00246 1.4 0.8 6E-03 1E-02 2E-03 3E-03
Vale Rd Nickel 1.5 16 1387 97.7 1E-03 2E-02 1E-02 2E-01
Selenium 2.0 0.5 19.3 5.0 1E-01 4E-01 3E-02 1E-01
Zinc 4.5 10 355 225 1E-02 2E-02 3E-02 4E-02
Arsenic 34 110 340 150 1E-01 2E-01 3E-01 7E-01
USGS (2000) Cadmium 0.1 0.1 7.8 0.58 1E-02 2E-01 1E-02 2E-01
23L Chromium 2.0 4 16.0 11.00 1E-01 2E-01 3E-01 4E-01
Copper 2.0 2 51.7 17.6 4E-02 1E-01 4E-02 1E-01
Lead 0.20 0.4 417 5.3 SE-04 4E-02 1E-03 8E-02
Whitewood Creek above Mercury 0.012 0.02529 1.4 0.8 8E-03 2E-02 2E-02 3E-02
Vale Rd Nickel 1.5 5 1387 97.7 1E-03 2E-02 4E-03 SE-02
Selenium 1.0 0.5 19.3 5.0 SE-02 2E-01 3E-02 1E-01
Zinc 4.5 10 355 225 1E-02 2E-02 3E-02 4E-02
Arsenic 31 170 340 150 9E-02 2E-01 5E-01 1E+00
USGS (2000) Cadmium 0.1 0.1 7.8 0.58 1E-02 2E-01 1E-02 2E-01
31L Chromium 1.0 2 16.0 11.00 6E-02 9E-02 1E-01 2E-01
Copper 1.0 2 51.7 17.6 2E-02 6E-02 4E-02 1E-01
Lead 0.10 0.6 417 5.3 2E-04 2E-02 1E-03 1E-01
Whitewood Creek above Mercury 0.019 0.00627 1.4 0.8 1E-02 3E-02 4E-03 8E-03
Vale Rd Nickel 1.5 8 1387 97.7 1E-03 2E-02 6E-03 8E-02
Selenium 1.0 0.5 19.3 5.0 SE-02 2E-01 3E-02 1E-01
Zinc 4.5 9 355 225 1E-02 2E-02 3E-02 4E-02
Arsenic 28 29 340 150 8E-02 2E-01 9E-02 2E-01
USGS (2000) Cadmium 0.1 0.1 7.8 0.58 1E-02 2E-01 1E-02 2E-01
32L Chromium 2.0 3 16.0 11.00 1E-01 2E-01 2E-01 3E-01
Copper 0.5 0.45 51.7 17.6 9E-03 3E-02 9E-03 3E-02
Lead 0.10 0.6 417 5.3 2E-04 2E-02 1E-03 1E-01
Whitewood Creek below Mercury 0.016 0.02197 1.4 0.8 1E-02 2E-02 2E-02 3E-02
Vale Rd Nickel 4.0 5 1387 97.7 3E-03 4E-02 4E-03 SE-02
Selenium 2.0 1 19.3 5.0 1E-01 4E-01 SE-02 2E-01
Zinc 4.5 10 355 225 1E-02 2E-02 3E-02 4E-02
Arsenic 32 120 340 150 9E-02 2E-01 4E-01 8E-01
USGS (2000) Cadmium 0.1 0.1 7.8 0.58 1E-02 2E-01 1E-02 2E-01
33L Chromium 3.0 7 16.0 11.00 2E-01 3E-01 4E-01 6E-01
Copper 0.5 2 51.7 17.6 9E-03 3E-02 4E-02 1E-01
Lead 0.50 2.9 417 5.3 1E-03 9E-02 7E-03 SE-01
Whitewood Creek below Mercury 0.021 0.03934 1.4 0.8 1E-02 3E-02 3E-02 5E-02
Vale Rd Nickel 4.0 9 1387 97.7 3E-03 4E-02 6E-03 9E-02
Selenium 1.0 1 19.3 5.0 SE-02 2E-01 SE-02 2E-01
Zinc 9.0 35 355 225 3E-02 4E-02 1E-01 2E-01

(a) For all samples, measured hardness is greater than the upper hardness limit, therefore the applicable hardness limit was used to calculate the AWQC.
Non-detects were evaluated at 1/2 of the detection limit.

Shaded cells indicate locations where the concentration downstream is more than 50% higher than upstream

WWC Agquatic Risk_USGS ERT Seeps.xls




Table 6-14
Mean Survival of Fathead Minnow Exposed to Seep Water

Ecological Risk Assessment

Whitewood Creek Site, Lead, South Dakota

Mean Survival (%)

Seep Site Location Exposure Period
24 hours 48 hours 72 hours 96 hours

Above Seep 100 (0) 100 (0) 100 (0) 100 (0)
23 R Seep 93 (7) 90 (10) 97 (3) 87 (3)
Mixing Zone 97 (3) 97 (3) 97 (3) 87 (3)
Above Seep 100 (0) 100 (0) 100 (0) 97 (3)
23 L Seep 97 (3) 97 (3) 97 (3) 97 (3)
Mixing Zone 100 (0) 97 (3) 97 (3) 97 (3)
Above Seep 100 (0) 100 (0) 100 (0) 100 (0)
31L Seep 97 (3) 97 (3) 97 (3) 90 (6)
Mixing Zone 97 (3) 97 (3) 97 (3) 97 (3)
Above Seep 100 (0) 100 (0) 100 